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StarSense 
TECHNOLOGY 


Automatically align 
your Celestron 

telescope with our 
StarSense Accessory! 


The revolutionary technology in 
the award-winning SkyProdigy 
telescope Is now available for 
almost every Celestron 
computerised telescope. 





Align and control your 
Celestron telescope 
wirelessly using your 
iPhone or iPad! 


Celestron’s innovative new SkyQ Link WiFi Module turns 


your iPhone or iPad into your own personal planetarium 
and observatory! 


SkyQ Link 
WiFi Module 





Available on the 
i App Store 








Special Offer! 


F1 Telescopes Green Witch (South) 
STOCKIST 
\CFLESTRON’ Sittingbourne Bedfordshire 
- SUPERCENTRES 01795 432702 01767 677025 es 
Astronomia Green Witch (North) Widescreen Centre ry 7 aan a" 
Dorking West Yorkshire Central London —=, 
01306 640714 01924 477719 020 7935 2580 


and specialist dealers nationwide 


WWW.celestron.uK.com 


Celestron®, SkyQ™ and StarSense™ are trademarks or registered trademarks of Celestron Acquisition, LLC in the United States and in dozens of other countries around the world. 
All rights reserved. David Hinds Ltd is an authorised distributor and reseller of Celestron products. The iPhone® and iPad® are trademarks of Apple Inc., registered in the U.S. and other countries. 
AppStore is a trademark of Apple Inc. 
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From the day you could 
move around under your 
own steam, you wanted 
to crawl, walk or run into 
curious and unknown 
places, stare at things and 
stay there despite the best 
efforts of your parents to 
drag you back home. That's 
human nature: being 
able to observe an event or location from afar 
is Simply no substitute for actually being there, 
which is why we develop technologies to travel 
and sustain us on our journey. It’s not enough 
to have seen Pluto through terrestrial and space 
telescopes, we needed to send a probe there. It's 
not enough to have landed spacecraft on Mars, we 
want to send people there. It’s not enough to have 
sent manned missions to explore the Moon and 
planted a flag on its surface, we need to create a 
human habitat there. 

The fundamental need to explore our 
surroundings, learn more about them and expand 
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into new territories drives us to excel. In this 
issue of All About Space, we're taking a look at 
25 of the innovations that push the boundaries 
of science. Among a battery of incredible space 
technologies that include rockets, spacesuits 
and habitats, there are some truly jaw-dropping 
inventions so advanced they could have been 
pulled straight out of an Isaac Asimov novel. It's 
hard to believe that most of these are either in 
development now or will be used by future space 
missions within our lifetime. 
A VVA avi Cod nCon@oynebnn tema lca iatcocl mica llKelayMnlical bys 
to bring us Betelgeuse’s highly anticipated last 
hurrah, we'te still celebrating the red supergiant 
this issue and looking forward to the start 
of the MAVEN probe's Martian atmosphere 
investigation, in 2014. 
WW Sea atatciasnt ty. 


Ben Biggs 
Deputy Editor 
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Jonathan O'Callaghan 

m Jo Jonny's 
dismay, we couldn't 
allow All About 
Space magazine 
into his 25 Space 
Innovations feature. 





Gemma Lavender 

r m@ Long-time 
freelancer, 

now full-time 
Sire]amanlsanl bel 
Gemmaisa 
Stargazing guru. 





Ninian Boyle 

| Beale 
Stargazing 
whizz Ninian 
loves this time 
of year, despite 
@alasiunatese 





Shanna Freeman 

m@ In oneof our 
favourite ‘All 
About’ features 
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YOUR FIRST CONTACT 
WITH THE UNIVERSE 


This month's 
amazing images, 
from spacewalks and 
impact craters to the 
most powerful rocket 
ever built 


25 space 
innovations 


Explore the incredible futuristic 
technologies of tomorrow's space 
programmes 


Total solar 
eclipse 


See a rare and stunning alignment of 
the Sun and the Moon 


How to become 
an astronaut 


Fancy a job that will be the envy of all 
your friends? Here's how to get it 


How did Mars 
lose its sky? 


MAVEN's top brass tell us how they're 
investigating this Martian mystery 


Floating 
colonies on 
Venus 


How we could live in the hostile 
environment of Earth's sister planet 


Invisible 
worlds 


Discover how otherwise invisible 
exoplanets are detected 
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ASTRONOMYKIT — 
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Betelgeuse 


We look at the famous red supergiant 
that could go supernova at any time 


Binary stars 


Five fascinating facts about the 
relationship between stellar pairs 


Impossible 
planets 


They shouldn't exist according to 
theory - but they do. Find out why 
these planets are impossible 


Dyson sphere 


What is this amazing, far-flung 
technology of the future? 


NASA 
photographer 


We speak to NASA's official 
photographer about his fascinating job 


Messier's 
objects 


What's the origin of the ‘M' object 
designation? We explain it here 
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STARGAZER 


Kick-start your star-watching 
hobby with these basics 


Astronomy's 
biggest events 

of 2014 

Find out what the biggest stargazing 
hits of the coming year are 


What's in the sky? 


How did ele S as | What to see in the coming month 
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Saturn's rings 


Learn to view the ringed planet 
Pal 


Me and my 
telescope 
Your astrophotographic efforts and 
two tales from amateur stargazers 
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Astronomy kit 
reviews 
| A round-up of the latest astronomy 
eS gear and a top telescope 


Floating colonies ~~ 
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How tobecome Impossible [ysis tees 
an astronaut , wetaee  Ofspace 


Who was Johannes Kepler? 
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Lucky Luca's first spacewalk 


This is the European Space Agency's Luca Parmitano on his debut spacewalk 
outside the International Space Station. Flight engineer Luca and two 
crewmates, Fyodor Yurchikhin of the Russian Federal Space Agency and 

Karen Nyberg of NASA, were part of the crew to be selected for the six-month 
Expedition 37, the Volare mission, which concluded in mid-November 2013. Luca 
himself has been responsible for unloading more than 1,400 items from the 
ESA's Automated Transfer Vehicle, dubbed Albert Einstein. He had a close call 
on one mission, when his helmet began to fill with water - a potentially deadly 
situation in space - and had to make his way back without communications. 
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Most powerful 
rocket ever 


This is an RS-25 rocket engine, one of four that will power the most 
powerful rocket in the world, NASA's SLS (Space Launch System). The 
70,000-kilogram (154,000-pound) rocket will stand taller than the 
Statue of Liberty when upright and be capable of taking the biggest 
payloads of any mission into space. Its core stage will store cryogenic 
liquid hydrogen and oxygen fed to the engines, which you can see 
evaporating around the RS-25 in this image as it's tested in a hot-fire 
test. This single engine consumes nearly 7,000 litres (1,500 gallons) 
of propellant a second and is so powerful that if it was rigged up to a 
generator, it could power all the street lights in a major city. 
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ISON's close shave 


Comet ISON made its closest approach to the Sun on 28 November: this 
photo was snapped by the European Southern Observatory's TRAPPIST 
national telescope two weeks before that, shortly before it before it 
became visible on Earth to the naked eye. The much-hyped comet had 
been surprisingly quiet all year, before brightening cosiderably in mid- 
November as it got close to the Sun. It fractured and pieces broke off 
ISON shorly after this photo was taken, producing a six-tail stream. 
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largest known impact Crater o} 
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is named after a town near on y 
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formed over 2 billion ou Feo 
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This is the Toby Jug Nebula, formerly known as IC 2220, found 1,200 light years 
from Earth in The Ship's Keel, otherwise known as the southern hemisphere's 
Carina constellation. The Toby Jug Nebula is an example of a reflection nebula: a 
large cloud of interstellar dust that reflects the light of nearby stars and makes it 
visible. The light is scattered by fine particles of carbon and simple heat-resistant 
con#pounds such as calcium oxide and titanium dioxide. 
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Biggest gammad-tah ” 
Durst ever detectet 


A massive, ancient star makes its last hurrah felt Onart 


Scientists have revealed that using the 
Swift, Fermi and NuSTAR satellites 
to monitor space, they observed an 
_ unusually powerful gamma-ray burst 
™ in April this year. “We suddenly saw a 
gamma-ray burst that was extremely 
bright, a monster gamma-ray burst,” 
said Daniele Malesani, astrophysicist 
at the Dark Cosmology Centre in. the 
Niels Bohr Institute, Copenhagen. 
“This was one of the most powerful 
Fee AODOAT-WoR-hYMLUI RSLEIA oN OE: MUM coca 
observed with the Swift satellite. 

“We follow the so-called afterglow, 
which usually lasts a few days or for 
several weeks, from both Swift and 
from the ground-based telescopes. In 
this case, the burst was so powerful 
that we could observe the afterglow 
for several months.” 

Some stars release a huge burst 
of gamma radiation, known as a 


GRB or gamma-ray burst, when 
they go supernova. This is invisible 
from Earth because the atmosphere 
protects us from deadly gamma rays, 
but space telescopes can pick up 
around 100 of these events a year. 
This one was particularly bright, 
though, indicating a giant star up to 
30 times the mass of the Sun but only 
around three times bigger, suggesting 
that it was a very dense Wolf-Rayet 
star. The supernova was so far away 
that the light has taken 3.75 billion 
light years to reach Earth, meaning 
the gamma-ray burst exploded when 
the universe was 9.9 billion years old. 
“We normally detect GRBs at 
great distance,” said Professor Paul 


“O'Brien from the University of 


Leicester's department of Physics and 
Astronomy, “meaning they usually 
appear quite faint. In this case the 


The Lunar Dust Detector, shown on the left hand 
corner of this experiment package, which was left 
behind by Apollo 12 astronauts to gather data 


s 


burst happened only a quarter of the 
way across the [observable] universe 
meaning it was very bright. On this 
occasion, a powerful supernova was 
also produced, something we have not 
recorded before alongside a powerful 
GRB and we will now be seeking to 
understand this occurrence.” 

The quick reactions of the satellites 
involved in detecting this huge GRB 









Se - 
and follow-up observations has 
shown scientists new aspects of this 
phenomenon, the most energetic 
known event in the universe. It’s 
given them a better understanding 
of how GRBs and supernovas can 
form together and its proximity and 
brightness has allowed scientists to 
confirm that their basic theory of how 
GRBs occur is on the right track. @ 





Missing Apollo 


mission data found 


4O years on, NASA’s lost Moon dust 
data has been discovered 


The missing ‘Housekeeping’ data 
from the Lunar Dust Detector on 
three Apollo missions has been 
rediscovered. The instrument flew 
on Apollo 12, 14 and 15 and recorded 
data on Moon dust. Lunar dust can 
prove hazardous to man and machine, 
piling up on solar panels and reducing 
their photo-voltaic efficiency, causing 
instruments to overheat and even 
triggering allergic reactions. 

“lL asked what I thought was a 
pretty common sense question,” 
said Professor Brian O'Brien of the 
University of Western Australia, 
who worked on the instrument for 
the Apollo missions. “If we've got to 
guard ourselves against damage from 
the lunar module taking off, who's 
measuring whether any damage took 
place - who's measuring the dust?” 





The detector was green-lit and ran 
for the three missions before being 
switched off amid budget concerns, 
after which the Lunar Dust Detector 
data was accidentally wiped as part of 
an archive purge. It was thought lost 
until recently, when O’Brien told NASA 
he had backup tapes. 

The data is important because, 
although it shows that dust on the 
Moon builds up extremely slowly, 
typically creating a layer 1 millimetre 
(0.04 inches) thick every 1,000 
years, that’s still ten times faster 
than predicted. It flies in the face of 
previous theories, which postulated 
that dust built up entirely as a result of 
meteor impacts. It's thought that dust, 
positively charged by the Sun moves 
high into the air and then settles on 
the night-time side of the Moon. @ 
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ACV sew chee cle Rees 
most energetig@explosion 
in the universe: the April 
event was the most 
powerful ever recorded 


“The burst was so 
powerful that we could 
Sanda er A lei 
for several months” 


Daniele Malesani, Niels Bohr Institute 





World of Animals oe 
: o wild with this 
Magazime Onl Sale now stunning magazine 


Experience amazing animals from around the globe 
with a new magazine dedicated to world wildlife 

and conservation. From the slovenly sloths of the 
Amazon to the polar bears of the Arctic Circle, World 
of Animals is a new monthly magazine from the 
makers of How It Works and All About History that 
takes a unique look at wildlife from all over the globe. 

With breathtaking photography, captivating stories 
and stunning illustrations, each issue offers the safari 
of a lifetime that takes the reader on a fact-filled tour 
of the planet's favourite wildlife. 

On sale now, the first issue includes an in-depth 
look into the world of gorillas, an exposé of 50 
animals dangerously close to extinction and what 
can be done to save them, plus a bite-by-bite account 
of how great white sharks hunt down their prey. 

This groundbreaking magazine launches alongside 
digital editions for iOS and Android available 
from greatdigitalmags.com and is accompanied by 
a brand-new companion website: animalanswers. 
co.uk. Be sure to connect on Twitter 
@WorldAnimalsMag and Facebook at facebook.com/ 
worldofanimalsmag and let the team know what 
you'd love to see in forthcoming issues. @ 
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Martian 

e ¥ ege 
— silicon 
A recent research paper suggests 
that if viruses existed on ancient 
Mars, they could have used a 
coat of silica as a kind of armour 
to protect themselves from dry 
conditions. This could have been a 
way they might have survived the 
journey via meteorite to Earth. 


Chandra 
creates 3D 
supernova 


A 3D model of the supernova 
remnant Cassiopeia A 1s now 

on display, courtesy of NASA's 
Chandra X-ray Observatory. It's 
the first 3D model of its kind and 
can be viewed on the chandra. 
harvard.edu website. 


Crowd-sourcing 
asteroid 
detection 


Planetary Resources has partnered 
with NASA to develop a crowd- 
sourcing platform to detect 
near-Earth objects. Using NASA 
sky-survey data, the public will be 
able to identify potential asteroid 
threats to our planet. 


Lady Gaga 
sings in space 
Lady Gaga will board the 
$250,000 a ticket flight of Virgin 
Galactic’s SpaceShipTwo when it 
flies to space in 2014. However, 
she'll be singing during the flight 
and needs special vocal training 
because of the cabin pressure. 








A ‘Y' dwarf, one of the coldest classes 
of brown dwarfs with a temperature of 
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Dump: try 
the new 
digital-only 
science 
mag 


Brain Dump, a first-of-its-kind, 
digital-only science magazine for 
iPad, iPhone and Android devices, is 
now available. This groundbreaking 
product can be subscribed to on 
Apple's Newsstand and Google 

Play from just £0.69 ($0.99). Built 
on a new digital platform designed 
by world-leading agency 3 Sided 
Cube, Brain Dump delivers a flurry 
of fascinating facts every issue, 
reducing tough-to-grasp concepts 
about science, nature and more into 
bite-sized, easy-to-learn articles. It’s 
for the intelligent, inquisitive and 
not just for those interested in space, 
it's for anyone with an interest in 
science in general. “Brain Dump is 
a milestone product for more than 
one reason,” said Aaron Asadi, Head 
of Publishing. “This is a brand-new 
digital publishing initiative that 
will make everyone sit up and take 
notice.” Dave Harfield, Editor In 
Chief, added: “It’s a proud moment 
for us. Since How It Works rise to 
dominance, we've worked tirelessly 
to build on its legacy.” The digital 
publication is one of the latest 
additions to Imagine's expanding 
portfolio and a free sample issue 
comes pre-installed on the app. @ 
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less than 175°C (350°F) 


Ancient brown A\Nel ea 
stars discovered 


Could be part of a vast, unseen 


population in our galaxy 


Two of the oldest brown dwarfs in the 
Milky Way have been discovered by a 
team of astronomers at the University 
of Hertfordshire. The stars formed 
over 10 billion years ago, when the 
universe was very young, and are 
travelling through the galaxy at up to 
200 kilometres (124 miles) per second 
- much faster than other stars. The 
team thinks they could represent just 
the tiniest percentage of a vast star 
population of around 70 billion brown 


dwarfs, moving within the Milky Way. 


The findings were made from 
survey data gathered by, NASA's 


_ Wide-field Infrared Survey Explorer 


observatory. The team has developed 
EWS et\Va Cael ov ev(e| eC om com anale mma elas 
especially cool stars that can get lost 
in an infrared background of much 
hotter, brighter objects. | 
Brown dwarfs represent a kind of 
halfway point between a gas giant 


Deep space 
radiation 
measured 


Cosmic ray scope 
measures effect of 
Space radiation on 
the human body 


Data on cosmic rays and space 
radiation has been gathered from 
NASA's Lunar Reconnaissance Orbiter 
(LRO) to provide vital information 
on the radiation hazards faced by 
astronauts in deep space. Using a 
human tissue equivalent of plastic 
and the data from the Cosmic Ray 
Telescope for the Effects of Radiation 
(CRaTER) detector, scientists were 
able to gauge the effect different levels 
of space radiation has on the human 
body, for long-term missions outside 
low Earth orbit. 

“These data are a fundamental 
reference for the radiation hazards 
in near Earth ‘geospace’ out to Mars 


and a star. They . 
typically have less - 

than seven per cent the 

mass of the Sun, a surface © 
temperature of up to 600 degrees 
Celsius (1,112 degrees Fahrenheit) 

and are too low in mass to generate 
internal heat with hydrogen fusion, 
instead cooling down and re over 
billions of years. @ 


EMM eases ulcers 
| cosmic rays in 


oe precisely 


and other regions of our Sun's vast 
heliosphere,” said CRaTER’s principal 
investigator Nathan Schwadron. “The 
ability to accurately understand these 
hazards will be critical to protect 
astronauts sent beyond low Earth orbit 
on extended space missions.” 
High-energy solar and galactic 
radiation sources penetrate standard 
shielding with ease, damaging 
sensitive instruments and, where 
it's absorbed by human cells, 
damages our DNA and increases an 
astronaut’s risk of developing cancer. 
The data gathered by CRaTER gives 
a quantifiable radiation hazard for 
potential future deep space missions 


right down to lunar orbit and even 
airline altitudes. 

CRaTER also showed that there is a 
‘backsplash’ of protons off the Moon, 
caused by the partial reflection of 
cosmic rays off its surface to create a 
radiation albedo. This can be used as a 
kind of natural geological probe to look 
beneath the Moon's surface, but it can 
also pack a harmful punch of radiation 
to unprotected astronauts. 

“Until now, people have not had the 
‘eyes’ necessary to see this population 
of particles,” said Harlan Spence, 
CRaTER deputy lead scientist. “With 
CRaTER, we have the right focus to 
make these discoveries.” @ 


www.spaceanswers.com 







© NASA; ESO; LRO 





We specialise in helping new astronomers to tind 

the right first telescope - whatever your age, ability and 
budget. We'll give you all the help you need to get 

up and running with contidence! 


Call us seven days a week on 01306 640714 tor 


friendly, sound advice and the very best service. 


ile 


We're authorised UK dealers for all major brands. 4 a b | y NTAV ie 





Save money < 
with our great ¢f 
value starter \ 


bundles! 


Full terms and 
conditions on 
our website 
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The groundbreaking technologies that will 
revolutionise how we explore the cosmos 


Written by Jonathan O'Callaghan 


As our ambitions for exploring space become greater, so too do our technological 
needs. Our current technologies and methods place limits on what we can do, limits 
that we are starting to press upon as more daring and exciting missions are devised. 

To fulfil our grander ambitions, a variety of companies and agencies 
are carrying out the research and development that will 
provide the new technologies we need - from advanced ~ 
propulsion techniques to reusable rockets. 

With that in mind we've chosen 25 technologies that we , 
think could revolutionise our methods of exploring and 
understanding the universe around us. Some are proposals: 
we'd expect to see in the next few years, others are 
more ambitious concepts. So, join us as we unveil 
the incredible future space technologies > 
that will change our methods 
of space exploration 
and observation 
forever. 
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On the Moon, Mars, Mercury and potentially other 
worlds within our galaxy, we know of permanently 


shadowed craters and caves that receive no sunlight. 


These areas are of particular interest to scientists as 
they may contain significant quantities of ice that 
could be studied. 

However, the problem with ice is that, well, it’s 
pretty solid. Unless you’ve got a human explorer 
or a rover with a drill, it’s difficult to do anything 
with it. That's where ‘TransFormers’ come in. These 
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1 Environment transformers 


multifunctional platforms would be placed at the 
rim of a crater, where they would then reflect 
incoming sunlight using mirrors onto specific 
sections of the ice. This would melt it, allowing an 
automated rover to analyse the resultant water. 
This incredible technology could provide us with a 
low-cost option for accessing ice and water across 
the Solar System, giving us clues into planetary 
formation and perhaps even supplying future 
astronauts with a resource of water. 
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® 3. Ice 


Ice found on worlds 
such as Mercury and 
Mars could contain 
secrets into the planet's 
history and formation. 
Some craters 

we know of are 

permanently 
shadowed, 
receiving no 
sunlight and 
enabling ice to 
remain present. 
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The Neutron star Interior 
Composition ExploreR (NICER) is a 
proposed NASA mission that would 
observe the exotic states of matter ~ 
Ld eDbeMatceLe Ce NmSIET ES 

Our current understanding of 
neutron stars is good, but it is not 
complete. We know they are the 
remnants of stars that have gone 


supernova, but we are still not quite 


sure what goes on inside these small 
but massively dense stars. Most 
have a radius of just a dozen or so 
kilometres but contain more mass 
than 460,000 Earths, making for 
some fascinating conditions not 


found anywhere else in the universe. 
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An automated rover placed on 
the ice would analyse the areas 
melted by the TransFormer, 
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NICER will allow us to study 
the emissions of neutron stars 
and therefore probe their interior 
structures. Launching in December 
2016, NICER will use an X-ray timing 
and spectroscopy instrument to study 
these so-called ‘undead stars’. 

The mission will last 18 months, 
using 56 mini-telescopes to collect 
Sem olelds waco ne ma alomcUNe r-less 
of neutron stars and their 
magnetic fields. For the 
first time NICER will 
allow us to accurately 
measure the size of neutron stars, 
providing us with key information 
as to their structure and composition. 


r 










_Left: The NICER team 
were named ‘Innovators 
of the Year’ by NASA‘s 
Goddard Space Flight 
Center in 2012 for : 
their research and 
development 


Below: NICER will be 
attached to the side of 

SIRS MIC MANOR Oe laeel 
to enable it to observe 
neutron stars 3 
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Deep space 
CubeSats 











CubeSats are tiny spacecraft, often 

a cube with sides measuring ten 
centimetres (3.9 inches) in length, that 
have been used exclusively in Earth 
orbit for minor experiments such as 
environmental science. 

However, a recent study has 
suggested that if a suitable form of 
propulsion can be found, these same 
mini-spacecraft could be used to 
explore the far reaches of the Solar 
System for minimal cost. The problem, 
as you might expect, is finding that 
form of propulsion but we might be 
close to a solution. 

Using a dual-mode propulsion 
system, combining electric and 
thermal propulsion, could provide the 
longevity of the former and the high 
thrust of the latter. Thermal propulsion 
is excellent for escaping Earth orbit, 
while electric propulsion is just the 
ticket for interplanetary travel. Expect 
more from this promising technology 
in the future. 


“These mini-spacecraft could explore 
the far reaches of the Solar System" 






Ba) cre Mele ca) 
robots could be dropped froma 
spacecraft in orbit around Titan, 

Me Camel CARO man -REl gre le> 
with no landing mechanism. 


| Therobotscancollapsetohelp 
_them withstand the force of landing, 
transferring the energy of the 
impact away and resulting in the 


- robots bouncing on the surface. 
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Made In Space hopes its 3D printer will be used aboard the 
ISS to produce spare parts 


4 Bioprinting in 3D 
We all know about 3D printing - using available materials 
to build something new - but what if you could actually 
create something out of thin air? 3D bioprinting proposes to 
do just that. It would be printing on the smallest of scales, 
using cells drawn from the air and environment to be 
recomposed into pretty much anything, from food to tools. 

Such a technology has one particularly exciting 
application, namely that it wouldn't require specific things 
to be fed into it, but rather it reconstitutes the cells of 
available matter into useful objects. Therefore, it would be 
the ultimate device for human exploration elsewhere in 
the Solar System, allowing them to create the supplies they 
needed from their environment instead of bringing them 
along for the ride. 
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take research payloads into 
space, but future spacecraft 
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Which of these destinations 
in space would you like to 
see us explore next? 


An asteroid 4% 
Mars 11% Europa 
39% 







The Moon 21% Titan 25% 





7 Mars sample 
return mission 


Seal % 


Core Sample 






Sample 
tube 












NASA's next Mars rover, provisionally 
named the 2020 Mars Rover, may 
carry with it a way to collect samples 
on the surface of Mars for a future 
robotic spacecraft to collect. Sample 
return from Mars is a big deal as 
bringing samples back to be studied 
on Earth is the next best thing before 
humans arrive there. 

The 2020 Mars Rover would drill 
hollow cores into the ground that 
would fill with Martian soil. 31 of 
these sealed vials of soil would be 


placed in a sample cache and left on 
Mars, which an as yet unplanned 
future spacecraft would be able to 
pick up. The benefit of this is that 
the rover could collect samples from 
different places on Mars, rather than 
using a stationary lander to just get 
a sample from one location. The 
proposed technology is currently 
being debated for inclusion on the 
rover, which would be derived from 
the Curiosity rover and could launch 
as early as April 2018. 





“Sample return from Mars is 
a big deal for scientists” 
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The Bigelow Expanded Aerospace Module , 
(BEAM) will be attached to the ISS in 2015 


9 Reusable 
rockets 


Earlier we discussed SSTO vehicles but some are 
convinced that regular three-stage rockets can be 
made reusable. One such company with that belief 
is SpaceX, who is hard at work on its reusable rocket 
technology called Grasshopper. 

Its plan is to use small thrusters on each stage of 
a rocket to return it under controlled descent back 
to where it launched from. With its Grasshopper 
technology SpaceX has already proven that it can 
raise a rocket several hundred metres off the ground 
and return it safely to Earth. The next step will be to 
successfully employ the technology on a fully fledged 
launch of one of its Falcon 9 rockets, which it expects 
to do by mid-2014 at the earliest. 








SpaceX’s Grasshopper completed a number of 
successful test flights in 2013 
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Inflatable 
Space stations 





LaserMotive, pictured, won the Space Elevator Games 
with its wirelessly powered climbing robot in 2009 


10 Space elevator 


For the last few years NASA has held an annual 
competition for teams to test out their ability to build 
strong tethers capable of supporting a ‘space elevator’ 
that would enable us to transfer cargo and people to 
and from orbit without rockets, while also testing out 
the feasibility of using wireless power transmission to 
power climbers as they make their way up tethers. 
Two things are currently lacking for space 
elevators; a material strong enough for the cable, and 
a means of climbing the cable. The former is not too 
close to being solved, but several teams have shown 
ways of beating the latter by wirelessly transmitting 
power to slowly climbing vehicles up a hanging 
cable. A true space elevator reaching orbit would be a 
huge contraption; it would need a stable base in low 
Earth orbit, and a counterweight tens of thousands of 
kilometres further to keep it in position above Earth. 








Could we send compact space stations up into 
orbit, having them then unfold in space by 


pumping gas into them? Bigelow Aerospace thinks 


so, and it’s hard at work on such technology. 
Bigelow has actually already tried and tested 


this idea with its Genesis 1 and 2 modules in 2006 


and 2007 respectively. The company's next goal 
is to connect an inflatable habitat with the ISS, 
which NASA has given it the go-ahead to do in 


2015. The ultimate step will be to actually launch 


a standalone module, called the BA-330, that 
san inflate and operate by itself in orbit, forming 


the world’s first inflatable station to be used for 


scientific endeavours but also as a ‘hotel’ of sorts 
for tourists to visit. 


11 Wireless 
power transfer 


For a while now people have been toying with the 
idea of wirelessly transferring power to and from 
space to power spacecraft or harness solar energy 
from space-based solar farms respectively. 

Doing so isn't easy, however. In fact, the world 
record for wireless power transmission was set way 
back in 1975 by NASA, who successfully transmitted 
34 kilowatts of electrical power a distance of 1.5 
kilometres (0.9 miles) at an efficiency of 82 per 
cent. Using a powerful laser it could be possible 
to replicate such results to a spacecraft, but doing 
so will require significant advances in technology. 
Likewise, microwave transmission has been touted as 
a possible solution. There are several teams around 
the world researching such methods, and we'd expect 
a breakthrough in the next few years. 


SS eieaseutens 
could be used 

to capture solar 
ahaTs) gaia ae 
lUccleeiM lm con Oe laee| 
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To become a true spacefaring civilisation we will need things including a support structure for a solar array or 

to learn how to construct spacecraft in space rather the backbone of a large telescope. If successful, such a 

than launching them from Earths With that in mind, technology would be revolutionary; it would allow us to 

aerospace company Tethers Unlimited has proposed a build structures in space as opposed to launching them 

new technology called SpiderFab that will be able to build fully complete from Earth. 

structures in orbit from materials fed into the machine. With the necessary funding, SpiderFab could be ready 'S§ iderFab = 
SpiderFab would be launched into orbit by a rocket and, for a small demonstration within five years. A prototype as 

once there, it would use spools of material (most likely known as the ‘Trusselator’ that will use spools of carbon t e next ste 

carbon fibre) to assemble huge structures. The material fibre to make high-performance composite trusses is 

is fed from the spools to a 3D printer, which turns the nearing completion. The next step will be to build a truss Rob Hoyt, CEO ot 

material into a ‘web’ of sorts that the arms can then contort 100 metres (330 feet) long on a nanosatellite to enable Tether S U li . te d 

into the required structure. This could be a variety of advanced radio astronomy missions. 


Why are technologies like 


“Such a technology would be revolutionary; it |ijgeeeseieesttam: 
would allow us to build structures in space souiaetha at corals 


was primarily accomplished by bolting 


(o)an)ey-les 3D printing together large components prepared on 
The use of SpiderFab SpiderFab will use an inside-out the ground, and required a great deal 
ei el ela 3D printer, allowing structures of expensive astronaut labour. We need 
to be launched compactly much larger than'the printer 


to take the next step in advancing 
on-orbit construction technologies 
to achieve the potential cost savings 
offered by on-orbit fabrication. 


before being built in orbit itself to be built. 
by the machine. 








How does SpiderFab work? 

We are currently developing 
technologies and processes to fabricate 
support structures for components 
such as large antennas and solar 
arrays on orbit. The processes we are 
developing combine elements of 3D 
printing, automated composite layup 
and robotic assembly. 


What makes SpiderFab unique? 
While a number of prior efforts have 
looked at on-orbit assembly of systems 
using components fabricated on the 
ground, SpiderFab is the first to put 

all of the necessary steps together 

to enable a significant portion of 

a spacecraft to be launched as raw 
material and then transformed on orbit. 


Is this a precursor to building entire 
Spools spacecraft in orbit? 

Material is held in spools Theoretically, it should eventually be 
on SpiderFab before feasible to fabricate all the components 
oft =aeJeT0L VA L of a spacecraft in orbit, including 


into the required shape 


electronics, optics, solar cells, and so 
of the structure. 


on. I expect that for the foreseeable 
future, the optimum approach will 
be to prepare avionics, payloads, 
Matera and other ‘dense’ components on 
ee eicisetcrnt: the ground, and fabricate on-orbit 
EPS EE the components where performance 


depends upon size. 


Sap U (ee Ra) 
The structures that could be 
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Laser 
thrusters 


One of the biggest limits upon our exploration of the 
Solar System is fuel. To traverse large distances you either 
need a lot of fuel, or a clever path that incorporates the 
gravitational pull of the planets. Carrying large amounts 
of fuel comes at a cost, and not just a financial one; it 
also restricts how much useful payload you can take, 
such as scientific instruments. 

So it has long been desirable to build a spacecraft 
that can be pushed by a new form of propulsion that 
breaks the limits of what is currently possible. One such 
solution might be a recent NASA proposal that suggests 
we could build propellant-less spacecraft pushed along by 
photons or lasers. 

The technology is very much in its infancy, but it's 
very intriguing nonetheless. One concept could see a 
solar array in Earth orbit direct photons onto a spacecraft. 
A 100kW solar panel would produce up to one Newton of 
l=) constant photon thrust on a spacecraft, accelerating it to 
A high-powered laser beam high speeds. 
eeu eee Another proposal is to use a high-powered laser beam, 
spacecraft on a journey out into fired either from the surface of Earth or from orbit, onto 
STE 2981 2g. the spacecraft. This provides considerably less of a push 

but it can more easily be directed onto the spacecraft, 
allowing for more precise changes in its path. If this 


Beyond Earth orbit 

It has been suggested that | 
laser propulsion could be 
a Viable method for cheap 
interplanetary exploration. 












Maintenance 
Lasers could also be used to 


maintain the orbits of satellites particular proposal is followed up, it is expected that a 
around Earth so they don't fall demonstration could be completed between two satellites 
into the atmosphere. in Earth orbit within the next three to five years of 


research and development. 





4 v 
14 Hich-impact 15 Measuring Europa's crust 
p In 2022, the ESA will launch its first mission to holy oe Vaute tl Clem da tcm ed eal) moloe-lo) (om Copantoc lien dale 


S amp e return Jupiter, the JUpiter ICy moons Explorer (JUICE), thickness of Europa’s icy crust, which in turn 
which, as its name suggests, will be tasked with will enable us to discern how far underground its 
Since the Apollo missions just a handful of studying the gas giant and its fascinating moons. subsurface ocean could be. The IPR will also be 
spacecraft have returned samples to Earth. Getting One of the most intriguing instruments aboard able to make similar measurements on Callisto 
samples from a body back to Earth can be a costly JUICE will be its ice penetrating radar (IPR). Using and Ganymede, the latter of which is also believed 
and risky endeavour, but one proposal to NASA a method not too dissimilar to sonar employed to be hiding an ocean under its frozen surface. If 
has devised a way to do just that with a simple by submarines, the instrument will be able to the launch stays on schedule, JUICE will begin its 
and effective spacecraft. make precise measurements of certain moons. mission in the Jovian system in the early 2030s. 


This sample return system for extreme 
environments would involve the use of a d ‘A h 1 lal it J | ICE 1 lal 
spacecraft attached to a sample capsule on a a OveldaIC na 1 (Saats Os 1S 1 Ss 
tether. Upon approach to a body the spacecraft i b bl fel d 
fires its thrusters to spin before flinging the SES Fale e d 1] ss WOL . KO) ENB 
sample capsule, at the end of the tether, towards a aot i ‘ 2 
Reap body The ca pallletinpac ak menepeed Sd care bales Dr Dmitri V Titov, ESA JUICE scientist 
possibly travelling over a metre (3.3 feet) beneath 
the surface. The sample can then be drawn back 
to the spacecraft on the tether or collected from 
a suborbital launch. This method would allow 


multiple samples to be taken from multiple bodies 
on a journey throughout the Solar System. 


Could a tethered spacecraft be the 
future of sample return missions? 
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® Backpack 
A backpack 
called the PLSS 
Carries out all 
the life-support 
functions for the 
crewmember 

) wearing the 2-1. 











Suitport © 

To get into the 
Z-1 spacesuit you 
climb through 
the port at the 
back, which can 
be attached to 
the exterior of a 
spacecraft. 
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The Z-1 | 
Spacesult 


One of those features is the use of a 
suitport, which enables astronauts to 
climb into the suit through a port at 
the back, a useful concept that means 
the Z-1 can be attached to the exterior 
of a spacecraft. 

The Z-1 itself is a prototype, but it 
will be the predecessor to the eventual 
suit that will be used on the surface 
of Mars. Many of its technologies and 
features are likely to be employed 
on the next spacesuit, provisionally 
dubbed the Z-2. 





If we aim to one day land on Mars, 
were going to need a spacesuit that 
can handle not only the extreme 
— ; = 3 | environment of the Red Planet but 
also the intense radiation that the 
astronauts will be subjected to. 
a ; — Fortunately, NASA has been working 





3 on a suit that will fill the needs of 
— future Martian explorers, dubbed the 
Z-1 spacesult. 

The Z-1 employs a number of 
innovative design features that will 
make future Mars missions possible. 














—— B@ Soft 

~ The suit is made of 

= pliable fabric, so it 

is rigid and sturdy 

when pressurised 
for spacewalks 


Joints © > - 


The Z-1 suit uses 


ball bearings to add . but soft and 
manoeuvrability to flexible when 
the suit, allowing unpressurised. 


astronauts to move 


easily and even - 
bend down. 
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of such a system would be that me 


Suspended animation is something 
you've probably heard of in various 
works of science fiction, but a 
concept from aerospace company 
SpaceWorks Enterprises suggests that 
it’s a plausible technology that is not 
beyond the realms of imagination. 
Recent medical research is slowly 
enabling us to induce deep sleep in 
a human being, known as torpor. 
SpaceWorks ‘suggests that, if such a 
technology is perfected, we could 
use a torpor-inducing transfer habitat 
for a mission to Mars. The benefits 
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crew would require minimal 
and living space on the journ 
while in stasis, drastically r 
the size of the spacecraft ni 
launch. Upon arrival, they 
woken to begin their missi 
are several problems that m 
overcome before such a te 
can be considered, includii 
into the effects of long-ter 

on humans, but if conqu 
could be the key for futt 
missions into deep space. 


if 


Do you think humans will land on Mars by 2030? 


41.7% 
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NASA is currently in the process of investigating an innovative 
new way of building telescopes that could completely change 
how we view the cosmos. Known as ultra-light photonic 
muscle space structures, these huge ‘super- 
telescopes’ would be significantly larger 
but also significantly cheaper than 
current space-based telescopes 








Mirror 

A ‘photonic muscle’ 
telescope would use a 
nanoengineered mirror made 
of laser actuated polymer 













Se ee Optics material shaped to 1,000th 
Se SoS The huge mirror would the width of a human hair. 
be sensitive enough to 
__ ea MICs 





reaches of the universe 
at unprecedented clarity. 





What's going to be the next 

ig thing in xploration? 
big thing in space exploratio eres 
This incredible structure 
would be less dense than 
a feather with a mass 100 





3D an times less than the Hubble 
Reusable ° Space Telescope. 
eye (=1k | 
33% \ = 
ES ah Le 
i NE Siar 
: we The huge structure would 
Telerobotics ie . a 
70f a Fission/fusion ‘> be built in space, perhaps by 
0 propulsion 13% a spacecraft like SpiderFab 


(see number 12 in this list). 


19 The SABRE 


engine oe 
One of the problems with building a true —— 
Spaceplane, one that can launch from a E 


runway into space and return to Earth, is ae 
that an engine is needed that can operate could fly by” 
both within the atmosphere of Earth and the othe end of 


vacuum of space. the dec 


Reaction Engines Limited is currently hard 
at work on its futuristic spaceplane known 
as Skylon, which will employ a revolutionary 
engine known as SABRE that enables the 


operation of the vehicle in both environments. 3 , The SABRE 
While taking off from the ground the engine mail = engine can 


remains in air-breathing mode, drawing in operate both 


oxygen like a jet engine. When above the | — on Earth and 
atmosphere it enters rocket mode, using a in space 
on-board liquid oxygen to reach orbital speeds. “a ' i—-_ — 

Components of the engine have already been —/ th ye _— ’ 
tested and, if it eventually flies, it could be Laas 


one of the most significant advancements in 
Spaceplane technology yet. 
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Sunshade 


The super-telescope 
would have a sunshade 
to protect its optics from 
nee ReRe) mtn eee yeep 





















21 Telerobotics 


Time delays make communications during deep 
space exploration difficult. For example, it takes 
about 15 minutes to send or receive a message to or 
from the Curiosity rover on Mars, meaning that any 
progress is slow. In fact, it is often said that a human 
could accomplish in a day what the various rovers 
have accomplished in their combined time on Mars. 
Telerobotics, however, could allow better and faster 
exploration of other worlds by using astronauts in the 
vicinity of a rover to remotely control its actions. For 
example, a team of astronauts on the surface of the 
Martian moon Phobos could control a rover on the 
surface of Mars with just a split-second time delay. 
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este hatati 


Fission and fusion propulsion has 
been touted as the most promising 
technology for futuristic propulsion 
systems, making travel between the 
planets more feasible than it is today. 

A fission-fusion system would use 
fusion neutrons to induce a fission 
reaction in a uranium or thorium 
enclosure. This would release heated 
fusion plasma, directed with a 
magnetic nozzle to produce useful 
thrust. Known as a Pulsed Fission- 
Fusion (PuFF) propulsion system, 
the concept combines the efficiency 
of fusion propulsion with the 
relative simplicity of fission systems. 
However, such technology is still 
only the stuff of missions dozens of 
years from now, but the concepts 
prove that it could be done. 


exoplanets 
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Observing 


A ship like this could employ 


a PuFF propulsion system 


MelaCele 

A starshade blocks the 
light of a star, enabling a 
telescope to more easily 
observe planets in orbit. 


In 2018 NASA's James Webb Space Telescope will 
launch, the most powerful space telescope humanity 
has ever built. While it will offer unrivalled views 
of the cosmos, some scientists have suggested that 
there are additional features we could use with the 
JWST to revolutionise the field of astronomy. One of 
those is to launch a starshade with the telescope. The 
technology has been around for years, but budget 
restraints have seen it remain a concept rather than 
an actual mission. Basically, a giant shade would be 
used to block the light of a distant star known to 
harbour exoplanets and a powerful telescope, such as 
the JWST, would peer just past the shade and be able 
to directly observe the exoplanets. Such a proposal 
for a starshade-centric telescope is currently under 
consideration by NASA for funding in 2015. If picked it 


could offer a whole new insight into exoplanets. 
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23 Space 
radiation 
protection 


Active radiation shielding remains 

a significant challenge if we are to 
venture into deep space. It is already 
known that, beyond the protective 
regions of Earth's magnetosphere 
astronauts will be subjected to 
potentially fatal levels of radiation. 
Various methods have been touted 
to overcome this problem, including 
surrounding the crew's habitat with 
Water or using coiled spacecraft. 
The former method would use 

a layer of water in the walls of a 
spacecraft, perhaps recycled from 
the astronauts’ every day usage, as 
water is known to be an excellent 


blocker of radiation. A coil structure, e 

meanwhile woulduseamaeneic | | 24 SpPace habitats 

field to protect the astronauts. While A recent concept proposal to NASA has suggested that the water gleaned from space-based materials as a means to 
both have yet to be properly tested tensegrity structure we discussed earlier for use on Titan provide shielding for its inhabitants. Known as growth 


in space, they are viable methods could be used to build a space habitat near the Moon, albeit adapted tensegrity structures, these could be an excellent 
that could be employed in future. on a far larger scale. The lightweight structure would use way to build large-scale habitats in space. 
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7 atmosphere is fast 
| + | and turbulent, it is 

" , aa ly mae) (2) believed the winds on 

‘e)al weisk : Ne te alert lolol the surface are much 
| — needed to drive the eee lia taiels 

One of the most hostile places in the . F vehicle as it would such a mission. 

Solar System, the surface of Venus is operate on wind 

also incredibly intriguing thanks to te oad 

its fascinating climate, bizarre history MUSE et 

eielGmAUNae Ol elm D Koc eleM A sldemcmceNer(@e Oe 

temperature hot enough to melt 

Spacecraft and a corrosive atmosphere, 

So much so that our only missions to 

the surface of Venus, the Soviet Venera 


probes, could survive no more than a | 
couple of hours on the surface. : 





Landing a rover on the surface of | ake ® Distance 
Venus, therefore, would be a huge NEE CRiEIASUEIE The rover would be designed 
engineering challenge. The rover would landscapes would be perfect | to move a total distance 
need electronics that could survive for a landsailing rover as | of about 30m (98ft) for 15 
temperatures of up to 450 degrees there are few obstacles to minutes per day during its 
hinder the mission. | time_on the surface. 


Celsius (842 degrees Fahrenheit), in 
addition to solar cells that can get enough 
sunlight even with the thick Venusian 
atmosphere. A sail-powered rover would 
enable a vehicle to operate on the surface 
with relatively little amounts of energy; 

it could drift on the winds of Venus 
without needing to drive itself much. 
According to a NASA proposal, such a 
mission is not too far off being possible. 
In fact, with just a few key technological 


advancements we could see such a : seem MW laciiatlans aie 
The rover would be able 
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mission go ahead in 2025. a , 
to cover great distances, 
| allowing us to study vast 
Xe . es Www.spaceanswers.com 


Take your first steps into 
exploring the wonders 


of the universe! 





STARTER TELESCOPE 


” mirror telescope with table mount, finder scope and two eyepieces. 


d=76mm, f=300mm, included 12.5mm eyepieces (75x magnification) and 
4mm eyepiece (24x), accepts standard 1.25” eyepieces. Very easy to set up and use. 


V ISI 
All models and offers are subject to availability. Prices and 


the clear choice sarienny oe bet ohne wore EA 


Visionary binoculars and telescopes are manufactured and 
distributed by Optical Hardware Ltd and are available from 
your local stockist. For more information, and to find your 
nearest Visionary stockist visit 
www.opticalhardware.co.uk/stockists 








Focus on Total solar eclipse 


The last total solar eclipse in the UK 
occurred on 11 August 1999; the next will 
be on 23 September 2090 


Total 
Sorit 





eclipse 


What happens when the Moon blocks ou 


There are three types of solar eclipse, of which total 
solar eclipses are the most rare and also some of the 
most useful for science. 

Eclipses occur during the ‘new moon’ phase of the 
Moon's orbit, when the Sun is on the opposite side of 
the Moon to Earth and therefore we cannot see the 
lunar surface as it is shrouded in darkness. The exact 
science behind it is due to some fortunate positioning 
involving the Earth, the Moon and the Sun. 

The Sun is 1.39 million kilometres (864,000 miles) 
in diameter, almost exactly 400 times more than our 
Moon's diameter of 3,480 kilometres (2,160 miles). 
The Moon is also 400 times closer to Earth than 
the Sun on average, owing to its elliptical orbit, and 
consequently there are moments when it will block 
out the entirety of the Sun. 

When the Moon passes in front of the Sun, it 
casts a ‘shadow’ called the umbra where sunlight 


28 











is completely blocked. Around this 
penumbra, where part of the Sun is § 
antom Ore Daee My er-liocw isl Comeslmcaca(e)n Memes! 
observe a total solar eclipse at certain 
Earth. When we see the penumbra, we 
partial solar eclipse. 

A total solar eclipse lasts just a few minut 
on average, and one occurs somewhere on Ear 
roughly every 18 months. They are incredibly useful 
phenomena for astronomical observations such as 
studying the solar corona. 

The other type of eclipse is an annular eclipse. This 
occurs when the umbra falls just short of Earth, so we 
see the Sun appear as a ‘ring of fire’ around the Moon 
as the Moon isn’t close enough to Earth to completely 
cover the Sun. Of all eclipses 35 per cent are partial, 32 
per cent are annular, 28 per cent are total and five per 
cent are a hybrid of annular and total. @ 
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How to become an astronaut 








How to become an 


Strond 


We talk you through ten steps to earning your 
Space wings with NASA or ESA 
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Astronauts need to train in the Neutral Buoyancy Laboratory at 
the Johnson Space Center in Texas before going to space 


beyond Earth orbit 


Y Experienced pilots, scientists 
- and engineers of the right age 
can apply to be an astronaut 


(TIpuBeT ) 





4. Learn a language 
It is imperative when applying 
for NASA or ESA to be fluent 
in English. It is also useful 
to know another foreign 


3. Get some experience 
The European Space Agency 
looks for astronauts between 





the ages of 27 and 37 but 
ad for NASA it's a bit broader, I AS oS 
the preferred choice here as 
malik alegre anywhere from 26 to 46. 


it is the second official 
language on the International 
Space Station. 


You'll need at least three years 
of experience in a related 
postgraduate professional 

experience or extensive flying 

experience as a pilot. 


Almost all modern astronauts 
need a university degree or 
equivalent in a relevant field. 
This can be natural sciences 
(physics, biology, chemistry 
or mathematics), engineering 
or medicine. Studying 
aeronautics or astronautics as 
well won't hurt your chances. 





1. Study hard 
Astronauts need to be very 
academically capable, so 
make sure you study hard at 
school and get good grades. 
If you've already finished 
education, now might be 
the time to brush up on your 
qualifications. 
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q ler | a | 
; | - = ~\ Modern astronauts work on 
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5. Be healthy and fit 
sXe) gteae-]a Mieco) are [U Lm CM Keel =a) 
both mentally and physically. 
To make sure you've got 
the ‘right stuff’, NASA and 
ESA look for healthy and fit 
astronauts with 20/20 vision 
who will be able to cope with 
the demands of launch and 
spaceflight. You'll need to 
pass a medical examination 
to qualify, but be warned 
that over developed muscles 
may be a disadvantage for 
weightlessness. 




















NASA astronaut candidate Jessica 
U Meir is seen here on survival 

training in 2013, a necessary part of 
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Astronauts are trained 
for spacewalks, and some 
will be tasked with going 
outside the space station 
Olah area dati eel ous(eya 


el — 
Virtual reality training helps astronauts get to grips with 
the location of hardware on the ISS before they get there 
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6. Apply to be an Briton Major Tim Peake was 
astronaut recently assigned to fly to the ISS | 
Now you're ready to apply, so 
keep an eye out for astronaut 
openings. NASA typically ie : 


selects 20 new astronauts 


in late 2015 having been selected 
as an ESA astronaut in 2009 

















every two years, but for ESA Wm elem dnl Ke)ero4p 
LMC: ee aR screening i ee 
Ce ao Ze el If your application is accepted, Pa Rok fe 
1992 and another in 2009, you're not home and dry yet. For each uC team on 
but the next one hasn't been Onn nenenirateente ie the ISS, the skills of each team 
announced. If you're a non-US a eeee Teen Miao une 10. Prepare for launch 
Saale Bol elo maT who will be whittled down to to ensure they are capable SORA eee Rt 
to wait, you'll need a dual- a select few during a process in all areas. So, decide what _ training, specialised and 
citizenship to apply for NASA. of interviews, medical exams me oa Well mceks ser aan 9. Play the waiting - now you've been assigned a - 
Sra cWa arte hava you could train to become a ela flight. Congratulations! You'll 
mission specialist or a pilot/ Even at this stage, you're probably be given a mission at 
commander, but for the latter . still not guaranteed a flight. EEMm aOR eleM meatal lee 
you'll need over 1,000 hours: You'll need to set yourself so get to know your fellow 
of flying experience: out from the crowd to try to crewmembers and ensure 
get selected for an upcoming Wel meta meeks es le Meet 
mission, but the wait could be smoothly as possible. If you 


several years. Bi eye) a (=a your apply before 2020 it's Ta 
flight should come eventually! you'll be. going to the ISS, but 
after that you could be one 
of the pioneers in the next 
generation of space travel 
beyond Earth orbit. 


Stockli, Nazmi El Saleous, and Marit Jentoft-Nilsen, NASA GSFC 


© NASA; CSA; ESA; Houston Chronicle; Smiley N Pool; Reto 
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How did Mars lose its sky? 
a 


Billions of years ago, Mars had a thick atmosphere. So what 
happened to it? The MAVEN mission's top brass explains 
how they intend to find out where it went and why 


Written by Ben Biggs 
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Today, Mars is a very cold, very dry planet with 
an atmosphere 100 times thinner than Earth, 
composed mostly of carbon dioxide. It has some 
weather, with clouds and winds that speed across 
the surface, picking up tiny dust particles that 
quickly bloom. into enormous dust storms. It even 
snows sometimes, as small crystals of frozen 
carbon dioxide precipitate out of the sky. But it’s a 
barren planet devoid of any environment that could 
support life, and it’s been like this for billions of 
years. However, this hasn't always been the case. 

There are a number of theories that support the 
case for Mars once having a suitable environment 
for life to form, regardless of whether it did or not. 
Not least of all, there’s the panspermia theory that 
Earth was seeded with the components of life by a 
meteorite of Martian origin. NASA's Mars Science 
Laboratory mission has also discovered tangible 
evidence for an ancient Martian environment, 
with liquid water flowing on its surface and a thick 
atmosphere. From the surface of the Red Planet, its 
Curiosity rover has measured the composition of 
Martian air as well as pieces of Martian rock that 
have elements of Mars’s ancient atmosphere bound 
up in them, giving scientists a snapshot of what 
Mars was like-several billion years ago. 

That's only half of the story, though. To get a 
bigger picture of what Mars was really like, NASA 
recently launched the MAVEN (Mars Atmosphere 
and Volatile EvolutioN) spacecraft to Mars, to enter 
Martian orbit in September 2014 and become the 
first probe to explore the upper atmosphere of the 
Red Planet. “The reason MAVEN is going to Mars,” 
project manager Guy Beutelschies tells us’ “is 
that the other missions before it have found 










that there used to be liquid water on the 
jf surface: oceans, rivers, lakes... we can see 

, y of the outlines of shore lines, found rocks on 
ae the surface that only form in the presence of 


water. So we know there was water there once, 
but the atmosphere’s too thin to support water on 
the surface - it. would immediately evaporate.” 
“The observations that drive our 
thinking,” MAVEN's principal investigator 

Bruce Jakosky clarifies, “are the presence 
of geological features that suggest the presence of 
liquid water on early Mars. Because Mars is farther 
from the Sun than Earth is and because we think 
Gal MG sMOlONO MICRO IDNUDON m= clEh UUM BN Ce)aymestremliBls 
today, there must have been a thicker atmosphere 
early in history to make temperatures warmer. 
Temperatures may have been more ‘Earth-like’ but 
the atmosphere probably was made up mostly of 
carbon dioxide - CO2. There may have been clouds, 
it may have rained or snowed and the sky may even 
have been blue like ours, but the atmosphere would 
not have been breathable by humans. 

“The geological features that indicate that liquid 
water was present occur on the ancient surfaces, 
and then stop relatively suddenly. We think that 
the change from a warmer, wetter environment to 
the colder, drier one that we see today must have 
occurred over a period of maybe several hundred 
million years, and that the transition was essentially 
complete by around 3.5 billion years ago.” 

There's another mystery, the answer to which is 
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MAVEN spacecraft under 
inspection by technicians 
at Lockheed Martin in 2011 
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® Carbon dioxide 
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The MAVEN cone, > 
complete with protective ,' | 

shield, that topped its 

Atlas V launch vehicle 





behind what Mars was really like aeons ago: what 
happened to its atmosphere? Was it swept off the 
planet in a cataclysmic event, or did it gradually seep 
away into space - and how did this happen? 

Data from the Curiosity rover suggests that Mars 
hasn't changed very much in the last few billion 
years. However, for a relatively short time after its 
formation 4.5 billion years ago, Mars was host to 
rivers and liquid bodies of water that were neutral 
in pH and not too salty for the planet to become 
home for microbial life. Then, some time around 3.5 
billion years ago, about the same time that simple- 
celled organisms were proliferating on Earth, Mars's 
atmosphere disappeared and subsequently, its liquid 
water evaporated or froze as the air pressure and 
mean temperature plummeted. Any life that might 
have existed at the time would have perished. 
“From a science point of view it's one of the biggest 
questions,” Beutelschies explains. “We know there 
was water there but we don't know how long it was 
there for... so for people trying to figure out what 
the history of Mars was, especially if life was there, 
it's a pretty big and unanswered question right now. 
MAVEN being able to answer that question is going 
to help guide scientific investigation in the future.” 

At around the same time, the Solar System was 
still forming in what is known as the Late Heavy 
Bombardment period. It was a dangerous time for 
all the planets, as there were an enormous number 
of bolides flying around and impactors were far 
more frequent than they are today. According to 
some theories it's possible that one, or several of the 
great impacts evident on Mars could have created a 
shockwave that blasted the atmosphere off the planet 
and irrevocably changed Mars's environment. 

Some scientists believe that Mars's atmosphere 
never left the planet, and that most of the carbon 
dioxide that was once in the atmosphere became 
bound up in the rock of the planet. It was gradually 
trapped by a chemical reaction with the minerals 
common in Martian rock, resulting in liquid water 
being present on the surface as recent as 700 
million years ago. That's not what MAVEN scientists 
believe, however. “Why do we think that the upper 
atmosphere was important for understanding this 
climate change?” poses Jakosky. “I'wo reasons: first, 
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Surface 

Mars once had a volcanically, 
very active surface. Features 
like the Tharsis Bulge and Valles 
Marineris were formed at a 
time when the warmer interior 
resulted in outgassing and 
planet-wide volcanism. 


Atmosphere ® 
The thick, predominately carbon 
dioxide atmosphere resulted in 
a much warmer climate. It was 
quite possibly wetter, too, and 
the higher atmospheric pressure 
allowed for bodies of liquid 
water and airborne moisture. 


we see little or no evidence for a subsurface storage 
of the CO2 from an early thick atmosphere; there 
are no deposits of carbon-bearing minerals, for 
example, which are large enough to hold that much 
CO2. Second, there are measurements of isotopes 
in the Martian atmosphere that show enrichment 
of the heavier ones, a strong indication that escape 
to space has been an important process. If escape 
was important, then it occurred from the top of the 
atmosphere and would have involved interactions 
with the solar wind and other solar energetic drivers. 


ee | R@e)r- 


Ancient Mars had a warmer 
core that had far-reaching, 
dynamic effects across the 
cto dr lal=i Meet ae nara a= 
right through the upper levels 
of the atmosphere, creating a 
stronger magnetic field. 


® Magnetosphere 
A magnetosphere more similar to 
Earth's today was generated by the 
warmer, active core. It would have 
protected the Martian atmosphere 
from a ferocious solar wind many 
times stronger than it is today. 





With MAVEN, we're planning to study the top of the 
atmosphere and its interactions with the Sun in order 
to understand how escape occurs.” 

The theory that has gained the most traction of 
late, one that the MAVEN scientists are investigating, 
is that the atmosphere was very suddenly blown 
away by a strong wave of solar wind. The Curiosity 
rover has already shown that multiple isotopes of 
various elements, including carbon, nitrogen, oxygen 
and argon, exist in relatively high concentrations at 
all levels of the atmosphere - evidence that most 
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The power of 
solar winds 


On Earth, a strong magnetosphere deflects 
the solar wind around our planet because the 
charged particles flow along its magnetic field 
lines, reducing its effects to zero. With Mars's 
almost insignificant magnetic field, however, a 


powerful solar wind was able to penetrate the 
upper levels of the atmosphere billions of years 
ago. This gave the particles in the atmosphere 
enough energy to achieve escape velocity and 
leak into space, leaving Mars with a much thinner 
atmosphere today. Little or no magnetosphere 
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Magnetosphere 

A significantly weakened global 
magnetic field has led to the 
not-so-gradual erosion of Mars's 
atmosphere, most of which was 


How did Mars lose its sky? 


Core 

It's thought that for some 
reason, the Martian core cooled. 
Without any core convection, 
Mars's global magnetic field 


stripped away 3.5 billion years ago. ebbed away to nothing. 
Atmosphere 
Today, the thinner atmosphere 
has resulted in reduced Surface 


greenhouse warming and much 
lower temperatures. Some of 
Wee Ile eee oe ei 
thin atmosphere have either 
condensed or reacted with rock 
oy em a= eee rela =e 


doesn't necessarily mean a thin-atmosphere planet, 
though. Venus, for example, not only has a weak 
magnetic field compared to the Earth but it’s much 
closer to the Sun than either Mars or Earth. Given 
Mars's depleted atmosphere, you might assume 
that Venus would be devoid of any atmosphere 
altogether, but it’s actually many times thicker than 
Earth's atmosphere with dense clouds and intensely 
hot surface temperatures of more than 462 degrees 
Celsius (864 degrees Fahrenheit). While the solar 
wind is gradually stripping the gases in the upper 
Venusian atmosphere, its dynamic pressure reaches 
a balance with the extreme pressure of the thicker 
lower levels, preventing much of the effect of solar 
wind stripping. 


As a direct result of a colder 
core, tectonics ground toa 
near halt and volcanism on 
Mars beeame significantly less 
dynamic. Today, the surface is 
about as dead as it is red. 
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its surface is incredibly thick 
and hot despite its proximity 
to the Sun 
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MAVEN launched ae ois Ou 

CapeiGanaveral on 18 November 
of Mars's atmosphere has disappeared. It’s thought 
that a sudden weakening in the magnetic field of 
Mars resulted in the erosion of the atmosphere by an 
ancient solar wind much fiercer than the older Sun 
can produce today. “The core is important,” Jakosky 
says, “because that is the source for creating a global 
magnetic field. And the presence of a magnetic field 
can keep the solar wind from hitting the atmosphere 
and stripping it off. When the magnetic field 
disappeared 4 billion years ago, that probably allowed 
turn-on of solar wind stripping of the atmosphere.” 

The young Sun blasted Mars with 100 times the 

radiation it receives now and, with relatively little in 



















the way of magnetosphere to repel the solar wave, 
Mars’s atmosphere was eroded away relatively 
quickly. Some of what was left then reacted with 
Martian rocks or condensed and froze on the surface. 
“This is one area where all [MAVEN’s] instruments 
are playing together to try to answer the questions 
we're trying to solve,” says Beutelschies. “We're 
looking at different aspects to try to understand the 
interaction of the solar wind with the atmosphere. 
What we're hoping to do is once we've taken this 
data, we can make an atmosphere model of Mars and 
use these models to go back in time. We can then see 
when the atmosphere would have been thick enough 
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The Solar Wind Electron 
Analyzer will measure the 
power of the solar wind and 
electrons in the ionosphere. 
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Probe and Waves 
boom measures 
electron density 
and temperature in 
the ionosphere. 


© Solar arrays 
MAVEN's huge gull- 
wing solar arrays will 
generate power for 
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to support oceans and rivers and lakes on the surface 
of Mars, then know how long this water would have 
existed. Because if it’s a long time it has ramifications 
for people interested in answering the question of 
whether life could have evolved on Mars.” 

So, the Mars Science Laboratory mission has, if 
anything, raised as many questions as it has provided 
answers, giving MAVEN a challenging job ahead of 
it on its year-long primary mission. But the timing 
of the spacecraft's launch to more or less coincide 
with the solar maximum is quite deliberate. With 
the peak of the solar cycle, the Sun is at its most 
active with sunspots blooming, flares erupting and 
dynamic solar winds interacting with the atmosphere 
of Mars. For the scientists on the MAVEN project, it's 
an opportunity to gather the greatest range of data, as 
the Sun won't provide an easier opportunity to study 
these interactions for another 11 years. 

MAVEN will by no means prove or disprove that 
life once existed on Mars, but by showing us where 
the atmosphere went and how, Beutelschies thinks 
we're well on the way: “If MAVEN comes back and 
Says, ‘we can see that the atmosphere would have 
been this warm’, ‘this wet’ or ‘supporting liquid on 
the surface for this geologic amount of time’ that will 
help answer some of the questions about the viability 
of life on Mars. Until we get that big ‘dinosaur fossil’, 
that's what will definitely help answer that question." 

“We're getting at questions related to the 
habitability of Mars by microbes,” says Jakosky. “But 
the underlying question is whether there was ever 
life on Mars. I believe that addressing this question is 
the next step after MAVEN, and that it's the next step 
independent of what MAVEN actually discovers.” @ 





A magnetometer is a small 

but important instrument that 
ere Roe Vee aa yeda(c1a le 
fields and contributes to 
measurement of the solar wind 
between planets. 


® Payload platform 


This triple-instrument platform is 
responsible for ultraviolet imaging, 
measuring energetic particles and the 
composition of the Martian atmosphere. 
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So high up in the Venusian atmosphere, 
the colony is able to make use of 
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Some 50 kilometres above 

the carbon dioxide-laden ~~ 
clouds, Venus could turn 
from hostile to relative 
hospitable for future colonist: 






— Future colonists of Venus can 
throw away their pressurised 
. suits but the air is still toxic 
a to breathe and sulphuric acid 
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X a supply of air to breathe and . ) 
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It's incredibly hot, with a searing 
average temperature of 460 degrees 
Celsius (860 degrees Fahrenheit) - 
some 410 degrees Celsius (770 degrees 
Fahrenheit) hotter than the muggiest 
deserts on Earth. Its atmosphere is 
thick with choking carbon dioxide, 
laced with poisonous sulphuric acid 
clouds that hang above a parched 
desert-like landscape, renewed by the 
angry eruptions of volcanoes. Without 
doubt, Venus, with its additional 
high-pressure environment - that has 
a crushing power almost 100 times 
that of Earth - is unfriendly for life. 
Sending astronauts to a world that can 
cook, crush and choke in just a few 
seconds and hoping they survive is 
ambitious to say the least. 

However, according to some - such 
as Geoffrey Landis of NASA’s Glenn 
Research Center - where there's a 
will there's a way. And, in a concept 
that sees fiction meet science, Venus 
could be the next go-to destination 
for colonisation. Forget attempting 
to touch down on to the parched, 
unpredictable surface. Forget trying 
to pass through the suffocating 
atmosphere. There's a new concept, 
and it’s straight from the pages of 
futuristic novels. Floating cities akin 
to levitating island Laputa of Gulliver's 
Travels fame or airborne habitats 
are the new way forward - creating 
IPM UNBLOLS UT MA's (cl mas lM nVOlbN le mcar~ 
humans living relatively comfortably 
in hostile conditions, surfing above the 
temperate surface. 

It's clear that, in general, Venus 
is unfit for habitation, but some 50 
kilometres (31 miles) above the surface, 
a different story is told; the dense 
carbon dioxide atmosphere gives 
way to an environment similar to our 
own. as it cools down to somewhere 
between O and 50 degrees Celsius (32 
and 122 degrees Fahrenheit) and the 
pressure is a more forgiving one bar. 





athable air would 
able to keep an 
entire colony floating - 
serving as a lifting gas 
- in the dense carbon 
dioxide atmosphere. 










Floating colonies on Venus 


However, though as possible future 
Venusian dwellers we could discard 
our pressurised suits, we would not 
be able to wander around quite as 
comfortably as we do here on Earth. 
The air is still toxic for us to breathe 
and the acid that rains down would 
spell disaster. But with a supply of 
air and the right protection, this is a 
seemingly small hurdle to overcome. 

According to Landis, getting a city 
the size of New York to float might 
seem like a far-flung idea but, with 
the simple premise of buoyancy, it 
might actually be feasible. It’s just 
a question of finding some type of 
lifting gas Landis says, and that gas 
is the nitrogen and oxygen found in 
our own atmosphere. When the air we 
breathe meets with carbon dioxide, 
floating occurs, bringing a lifting 
power just over half that of helium - 
which we find gives hot-air balloons 
their effortless flight. It is here that 
floating colonies have envisioned 
breathable air domes to lift a city off 
of the ground, with storage tanks 
of readily available hydrogen and 
helium allowing the lifting power to 
be adjusted. The problems faced by a 
Venusian colony at first glance seem to 
gradually disappear as it slowly builds 
height in the Venus skies. 

Further still, hanging above the 
carbon dioxide-laden clouds, solar 
panels take advantage of the sunlight 
reflected from the thick atmospheric 
smog, providing almost twice the 
energy Earth can above its cloud layer. 
The 400 kilometre per hour (250 mile 
per hour) winds - that rage around 
Venus's circumference and provide 
this terrestrial planet with its so-called 
super-rotation - sweep up even more 
power for these levitating platforms. 
Venus might be unwelcoming, but 
with these tricks to avoid its hostility, 
why shouldn't we head to the second 
planet from the Sun? ) 


Surprisingly, quite a 
nice place to live at 
the right altitude 
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Invisible worlds 


Overall brightness 





Invisible worlds 


The inspired techniques astronomers use to detect 
planets orbiting distant stars, light years from Earth 


Viewing most planets within our Solar System 
doesn't present much of a problem even for the 
amateur astronomer. With a little bit of direction 
and a good quality instrument, Saturn and Jupiter 
can easily be picked out and observed in surprising 
detail. But at an average distance of nearly 6 billion 
kilometres (3.67 billion miles) from the Sun and less 
than a fifth of the size of Earth, even experienced 
astronomers struggle to find the dwarf planet Pluto. 
So you can imagine the challenge that scientists face 
when attempting to observe the potential planetary 
population of star systems that are dozens, or even 
thousands, of light years away. 

While stars shine with an enormous amount 
of energy across the electromagnetic spectrum, 
allowing us to see them at vast distances, planets 
are extremely dim by comparison. This makes 
them especially difficult to observe not just because 
they're intrinsically hard to spot even for the most 
powerful telescopes in the world, but the glare from 
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their parent star often makes resolving them directly 
nearly impossible. There are two main indirect 
techniques that can work around this, however. 

The radial velocity method is one of the most 
successful techniques for finding exoplanets, having 
been responsible for over half the discoveries to 
date. It works by measuring the motion of the host 
Star around a planet: because every action must 
have an equal and opposite reaction, just as a planet 
orbits a star then so too the star will be affected 
by the gravitational tug of the planet. Although 
id alomcoclUNLmneToM py: arecinlae(eme)a byl mem NelcMcle-eny simple 
comparatively tiny, it will have a Doppler effect. 
This is where its spectral lines shift into the blue 


and the red as it moves towards and away from us. 
The measurable amount of blue and red shifting is 
proportional to the mass of the planet that’s exerting 
its gravitational influence on the star, so the mass of 
any orbiting exoplanets as well as the size and shape 
of its orbit, can be calculated. 

Radial velocity has some drawbacks, as you might 
expect. It’s more difficult to detect planets around 
high-mass stars using this technique because the 
effect they have on their parent star is much smaller. 
The star will also appear to wobble less when a 
planet is highly inclined to the line of sight from 
Earth, creating a signal that’s much more difficult 
to detect. For these reasons, radial velocity is often 


“The radial velocity and transit methods 


have helped detect large planets that 
orbit close to their parent star” 
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used with another exoplanet detection technique, 
called the transit method. 

This complementary method is far simpler in 
concept. It measures the drop in starlight that’s 
registered by both terrestrial and space telescopes 
whenever the planet passes between its parent star 
and the Earth. The size of the planet is directly 
proportional to the drop in the light, so while radial 
velocity can be used to measure the minimum 
mass of the planet, the transit method can be 
used to gauge its size. This suffers from its own 
limitations, of course. For a start the planet has to 
have an orbital path that takes it directly across the 
face of the star relative to Earth. Statistically, only 
one in ten planets with small orbits line up this way, 
while less than one in 200 planets orbiting their 
stars at a single astronomical unit (the distance 
from Earth to the Sun) can be detected using the 
transit method. Certain red giant stars also pose 
a problem for astronomers using this technique 
because they exhibit pulsations in intensity that 
vary from star to star. 

However, both the radial velocity and transit 
method have proved effective in detecting large 
planets that orbit close to their parent star. Given 
that there are hundreds of thousands of star systems 
close enough to the Solar System to observe using 
these techniques, and with nearly one per cent of 
them estimated to have these small-orbit giants, 
astronomers will continue to catalogue exoplanets at 
a prolific rate for some time yet. @ 
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Invisible worlds 


As the exoplanet crosses the 
bright disc, the brightness of 
the star dips proportionally to 
the size of the transiting planet 


Time 





Detecting 
planets using 
Bella Graig 


| lai 


The wobble results in a 
slight red and blue-shifting 
in the star's light, measured 
from sensitive Earth 
instruments to give the 
planet's mass. 









ee ee ee 


®@ Parent star 
Despite its size, the star 
is pulled very slightly in 
the direction that the 
exoplanet is travelling in, 
Causing it to ‘wobble’. 


Exoplanet @ 
The otherwise invisible 
planet orbits the star, 
exerting a comparatively 
tiny gravitational influence 
on its more massive parent. 








© PN NENA NASA; 
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-.. .. Betelgeuse is one of the brightest and most visible stars in our 
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All About Betelgeuse 


Betelgeuse is the second-brightest star Betelgeuse is classified as a semi- brightest star, or appear so faint that it Fahrenheit) on the surface as opposed 
in the constellation Orion, and is also regular variable star, meaning that is dimmer than the 18th brightest star, to the Sun's 5,538 degrees Celsius 
known as Alpha Orionis. It’s located its brightness fluctuates. It has an Fomalhaut. On average, Betelgeuse is (10,000 degrees Fahrenheit) surface 
around 600 light years from Earth and apparent magnitude that ranges considered the eighth-brightest star temperature, although hot spots and 
is one of the brightest stars in the sky. between 0.2 and 1.2. Sometimes it can in the sky. It's also a cool star - about the variability both make it difficult 
If you can find Orion, you should be compete with Capella to be the sixth- 3,226 degrees Celsius (5,800 degrees to determine. 
able to see Betelgeuse, as it's located 
very close to the line of three stars of Mf s : 
medium brightness known as the ‘Belt Having lost ab Out 15% of 1ts TT1daSS 1h) the past 
of Orion’. Betelgeuse appears in the 2 () d 1 th qd f it | 1 f 
left shoulder (as we look at it) of the YCdIs dit) Nedalng e en O ] 5 l CSPall ' 
constellation if you're located in the B C | i ll 
northern hemisphere. It's also a red eC eC PeCUSE WI SOOT] LO sUpelmnovd 
supergiant, which means that it has a 
bright orange-red colour that makes | Tero frau 
the star stand out in the sky. Since surrounded by the 
it's so large, bright and relatively close wane ELF eS 
in galactic terms, one might expect welt meee 
imaged by the 

us to have very concrete information CRANE 
about it. But looks can be deceiving; 
although we've been observing 
Betelgeuse since antiquity, it has been 
difficult to pin down its details. 

Betelgeuse is one of the largest 
known stars by volume. If it were at 
the centre of our Solar System instead 
of the Sun, then the Earth - along with 
Mercury, Venus and Mars of course 
- would probably be engulfed by the 
Star. It may even extend as far into the 
Solar System as the orbit of Jupiter. 

Betelgeuse has an estimated 
diameter of 1.4 billion kilometres 
(870 million miles), approximately a 
thousand times that of the Sun. Its 
outer envelope of gas is tenuous, so 
getting an accurate measurement 
of the star's diameter has proven to 
be challenging. Its mass has been 
estimated at somewhere between 
about 10 and 20 times that of the Sun; 
there's a wide range because the star 
has no known companion star to help 
us calculate it. 
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Comparing the distances between the edge of the Oort cloud and 


the biggest, brightest and most famous stars in the sky 
Betelgeuse 


Aldebaran 


en 
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Oort cloud 
: R Doradus Rigel 
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As part of the Orion constellation, 
Betelgeuse is surrounded by the Orion 
Molecular Cloud Complex - a huge 
group of stars, dark clouds and bright 
nebulae that is hundreds of light 
years across. The star is considered 
to be a runaway star from the Orion 
OBI Association, a group of several 
dozen hot giant stars in the Complex. 
Projections based on its current path 
of motion show that Betelgeuse was 
ejected and likely changed course at 
some point in the past due to a stellar 
explosion. It rotates slowly, with the 
most recent recorded velocity just five 
kilometres per second (three miles per 
second). At this rate, it may take the 
Star up to 30 years to rotate on its axis. 

Betelgeuse is a young star for a red 
supergiant, around 10 million years 
old or less, but this is due to its mass 
- heavy stars evolve more quickly 
than lighter ones. It also appears to 
be shrinking, having lost about 15 per 
cent of its mass in the past 20 years, 
and nearing the end of its lifespan. 
This means that Betelgeuse will soon 
go supernova. Soon in astronomical 
terms is in the millions of years, 
however. Predicting more precisely 
when that’s going to happen is difficult 
without a more precise measurement 
of the star’s size or knowing what’s 
going on as it shrinks. @ 


Profile of a 
supergiant 


Like other red supergiants, 
Betelgeuse is one of the largest 
known stars by volume. At an 
estimated 1,000 times the radius 
of the Sun, it is by far the largest 
Star in the Orion constellation. The 
second-largest star, Rigel (or Beta 
Orionis), is actually a triple-star 
system. Rigel A, the primary star, 
is a blue-white supergiant that has 
a radius about 75 times that of the 
Sun and about 18 solar masses. 
How much bigger than the Sun 
are red giants and red supergiants? 
The nearest red giant to us, Gamma 
Crucis, found about 88 light years 
away, is just 30 per cent more 
massive than the Sun and about 84 
times its radius. The closest star to 
Earth, Alpha Centauri A, is a main- 
sequence star that’s just slightly 
larger than the Sun in both mass 
and radius. As for the largest known 
star by solar radii, that’s likely to be 
UY Scuti, a red supergiant in the 
Scutum constellation at more than 
1,500 times the Sun's radius. 








et shock 


As Betelgeuse travels through 
space, its stellar wind - the 
stream of particles coming 

off the star - collides with 

Untom ce ecm IPMN CCM INKS RI KCI teNe 
medium. This gas trails behind 
the star, much like water trails 
in waves off a ship’s bow. 
Thanks to infrared telescopes, 
we have been able to view this 
bow shock and learn more 
about the interaction between 
interstellar wind and the gas 
between the stars. 


R Doradus 
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- Betelgeuse 
Betelgeuse travels about 
30km/sec (19mi/sec), with 
its wind expanding at about 
17km/sec (10.6mi/sec). 


~ Bow shock 
The bow shock off Betelgeuse 
is estimated to be about three 
Ted (=y- el eos 


Betelgeuse 


Rigel 


Aldebaran 


The Sun 
Jupiter's orbit 
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Betelgeuse: 
inside and out 


This huge stellar object was once a main-sequence star 
like our Sun, and its relative closeness has given us the 
opportunity to view the end stages of a red supergiant 


Betelgeuse’s official classification is red 
supergiant M2 Tab class - it belongs to 
the M spectral class of stars because 

it has a low temperature, while the 
‘lab’ designation is for intermediate 
luminous supergiants. Like all stars 

in the Milky Way, Betelgeuse began 

aS a Main-sequence star comprising 
about 71 per cent hydrogen and 27 per 





cent helium, with the rest being heavy 
elements like iron. Betelgeuse formed 
with an extremely high mass and the 


more massive the star, the shorter 
its lifespan. This is why although 
Betelgeuse is much younger than 
our Sun - less than 10 million years 
old compared to the Sun's 4.6 billion 


years - it is nearing the end of its life. 


But it has a very low density, less than 
O.0OO00009 the density of our Sun. 
Despite its youth and size, the star is 
very ethereal and tenuous. 

As it used up all of the hydrogen in 
its core, Betelgeuse moved away from 
the main sequence. It expanded, and 
then began to fuse helium in its outer 
Shell. Over the next 100,000 years 


How a red supergiant explodes 





1 Core collapses Time: 0 seconds 
The core collapses and contracts when 
the red giant runs out of gas, sending 
neutrinos out in to space. 


2 Core hardens 

Time: 20 milliseconds 

The core stops collapsing and hardens 
into a ball. 


3 Bounce shock starts 

Time: 40 milliseconds 

The core rebounds and sends a 
shockwave out to the star's surface. 





4 Shock stalls Time: 12-24 hours 

In astar like Betelgeuse, the shockwave 
may stall for as long as a day due to its 
hydrogen-rich gaseous envelope. 
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5 Instabilities raise shock 
Time: 300 milliseconds 

Instabilities in the inner layers restart 
the shockwave process. 


6 Explosion proceeds 

Time: several hours 

The explosion lights up once the 
shockwave reaches the star's surface. 


(perhaps up to a million) of its life, a 
red supergiant depletes the helium 
and its core begins to collapse and 
heat up. The outer layers cool and 
begin to expand as they serve as 
fuel for the star. It takes on an 
onion-like structure, shedding 
its outer layers as they are 
depleted. Betelgeuse may 
shed as much as one solar 
mass every 10,000 years. 
We believe that there 
are then six different 
layers in the atmosphere 
of Betelgeuse: the 
MOLsphere (molecular 
environment), a 
gaseous envelope, a 
chromosphere, a layer 
of dust, and two outer 
Shells. Some overlap 
exists between some 
of the layers. 

The MOLsphere is about 
half a stellar radii above 
the photosphere, and likely 
comprises carbon monoxide 
and water vapour. Above this, 
extending several radii, is the 
coolest gaseous envelope. 
The chromosphere 
is another several 
radii in diameter, 
and mixes with 
the gaseous 
envelope as 
well as the 
asymmetric 
dust layer above. 
The dust layer 
probably extends 
more than 12 stellar radii, 
surrounded by two outer shells of 
carbon monoxide. The inner shell is 
between 50 and 150 stellar radii and 
the outer one may extend as far as 250 
stellar radii. 

This is what we believe about 
the current state of Betelgeuse, 
but what about the star’s future? 
What happens next in its evolution 
depends on Betelgeuse’s mass. If it 
is greater than eight times that of 
the Sun - as many scientists believe 
- Betelgeuse will continue to fuse 
heavier elements until nothing but 
iron is left at the star's core. At this 
point, Betelgeuse will likely explode 
as a Type II supernova. The core will 
then collapse, leaving behind a small 
neutron star about 20 kilometres (12.4 
miles) in diameter. It is believed the 
star will go supernova within the next 
million years. 

Some people have mistakenly 
thought that Betelgeuse’s apparent 
contraction signalled an imminent 
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The outer layers of a red supergiant 
vary in number and composition 
depending on where it is in its 

life cycle. For Betelgeuse, 
there may be up to six 
intermingling layers of 


gases and dust. B [ J 









How many times Betelgeuse likely 
' outshines our Sun, considering the 
radiation it ernits 


quadrillion 


utes The number of Earths that 
layers would fit inside Betelgeuse 


As it nears 
the end of 
| a . its lifespan, 
\ oan Betelgeuse will 
fuse heavier and 
heavier elements, 
going through its 
helium, then neon, 
magnesium, sodium, and Y CdIS 


silicon before fusing iron. 





Betelgeuse’s surface It may take 

When Betelgeuse finally does go temperature is 0.6 
Inner core supernova, it will be as bright as the tim a that of th e Sun's th IS long ie OF 
In a red supergiant, the core has Moon in our night sky for several weeks. Betelgeuse lO 


fused all of its hydrogen, and It could even be visible during the day 
begun fusing helium into 


carbon and oxygen. 


turn once on 
its QXIS 


ent 
years 


How close a star needs to be to harm 
Earth when it explodes into a supemova 


Supernova, but without knowing its 
mass, there’s no way to predict when 
this will happen. While the explosion 
will be too far away to do harm to 
life on Earth when it does blow, the 
resulting radiation will potentially 
cause us problems in space travel - at 
least with our current technology. @ 


‘Although 


There are 
Betelgeuse this many 
is much Supernovas 
younger than — 
Our Sun it 1s universe 


nearing the 
end of its life’ 
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Supergian 


Betelgeuse has been observed since ancient times 
thanks to its proximity, colour and sky prominence 


The mystery surrounding Betelgeuse’s 
name makes sense given that it’s been 
observed since ancient times. Not 
only is the correct pronunciation and 
spelling a matter of dispute, but so is 
the name's origin and meaning. Some 
believe that it comes from Arabic, 
mistranslated or misunderstood to 
mean something like “the armpit of 
Orion,” which is understandable due 
to its location in the constellation. 


Although the classical astronomer 
Ptolemy gets the credit for describing 
Betelgeuse as red, the star was 
actually described by Chinese 
astronomers around the beginning of 
the Common Era as yellow, leading 
us to believe that it may have made 
a stop as a yellow supergiant on its 
way to becoming a red one. English 
astronomer John Herschel was 
the first to observe and describe 


Betelgeuse’s variable brightness, 
during the 1830s. 

Measurements of the star first 
took place in 1920, when three 
astronomers at the Mount Wilson 
Observatory in California used 
an interferometer mounted on a 
telescope, which allowed them to 
get an angular measurement using 
visible wavelengths. This yielded an 
estimated diameter of 385 million 


kilometres (240 million miles), but 
the accuracy of this measurement 
was uncertain. This is in part due to 
the phenomenon of limb darkening 
SUS h Mee omNecanlecMODIRSEIIAY 
(a bbun inv icncccere lomo) 8 (owns lOy ccm ace)nnmasl= 
centre to an ‘edge’ when viewing an 
image of the star. It occurs due to 
either the temperature or density of 
the star diminishing from the centre 
outwards. This has continued to be 
an issue in determining the diameter 
of Betelgeuse. 

In the Seventies, there were 
a number of breakthroughs in 
astronomical imaging that allowed 
observatories at Mount Wilson, Mount 
Locke and Mauna Kea to get more 
PLece1e ne UKomnN (are SLUNKSIN (cS LECH DELO MNBDN RCD KaLG| 
telescopy allowed for observation of 
the star's photosphere. Then, in the 
early Nineties, a new interferometer 
technique allowed for better 
infrared and visible imaging. We 
got the first images of a stellar disc 
other than the Sun's, from COAST, 
the Cambridge Optical Aperture 


Imaging 
di Cee el 


Astronomical seeing is the blurring and twinkling of 
astronomical objects like stars, caused by turbulence in the 
Earth's atmosphere, and it causes problems obtaining high- 
resolution images. Most telescopes use a single mirror to 
capture a star's light. In 1920, physicist Albert Michelson built 
and mounted a stellar interferometer at the Mount Wilson 
Observatory to obtain the first-ever measurement of a star 

- Betelgeuse. An astronomical interferometer is an array of 
multiple mirror segments or telescopes that work together as 
a unit to create images of higher resolution. It does this by 
improving the angular resolution, or the instrument's ability 
to resolve small details. The multiple mirrors pointed at a star 
receive its light and combine it to provide a higher-resolution 
image. Today there are numerous types of interferometers 
used by telescopes to provide the clearest images possible. 





oh 0 


Synthesis Telescope. This telescope, 


eM em | “i Middle mirrors @ 

Tet eMule) cela La "i Mirrors in the middle 
interferometer capture i. of the telescope 
Teaco) eB its reflect the starlight 

5 from the side mirrors 
9 into the telescope. 


















® Observed image 
OM atemasieidlarem nar lx> 
creates a pattern 
containing information 
about the star. 











® Combined image 
The images captured 
by the multiple 
mirrors combine into 
Ray 4(sm roe 
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located in Cambridgeshire, England, 
images only the brightest stars in 
high resolution. The Hubble Space 
Telescope provided the first direct 
image in 1995 capturing the highest- 
resolution photo of Betelgeuse to date 
using ultraviolet imagery. 

We have been able to refine our 
measurements using imagery from 
the ESA's Hipparcos satellite, the 
Infrared Spatial Interferometer (ISI) 
at the Mount Wilson Observatory 
and the Paranal Observatory in Chile. 
This is how we first learned that 
Betelgeuse appears to have shrunk. 
The European Southern Observatory’s 
Very Large Telescope (VLT) revealed 
numerous activities in the star's 
atmosphere in more recent years, 
including the ejection of a plume of 
gas in 2009 and a complex nebula 
that appeared to be surrounding 
Betelgeuse in 2011. 

Then, in January 2013, the Herschel 
Space Observatory, a European Space 
Agency mission, captured a strange, 
linear bar of material near Betelgeuse. 
It could be the edge of an interstellar 





In this image, taken by NASA's Wide- 
field Infrared Survey Explorer (an 

Neva eV mae (cared ee lin coe leyenl(erd | 
space telescope), Betelgeuse is the 
bright blue star in the lower left corner 





cloud being illuminated by the star, 
or a filament linked to the magnetic 
field of our galaxy. If this is true, 
Betelgeuse will begin colliding with 
the bar in about 5,000 years. If it 
goes supernova anytime soon, space 
telescopes such as the Hubble Space 
Telescope - which has provided 
numerous discoveries about the Orion 
Nebula - will no doubt help reveal 
exciting information about what’s left, 
predicted to be a neutron star. @ 


- The ESO's Very Large Telescope 
(VLT) during observations - the four 
telescopes are named Antu, Kueyen, 
Melipal and Yepun from left to right 


These are eight of the ALMA (Atacama Large 
Millimeter/submillimeter Array) antennas 


located in the Chilean Andes 
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In January 2013, the Herschel Space Observatory captured this image of 
Betelgeuse surrounded by material ejected by the star shaped by its bow 
shock interaction with the interstellar medium. The faint dust bar further out 
from the bow shock is the linear bar that it may collide with in 5,000 years 


The two observatory domes of the Keck 
Observatory, on top of Mauna Kea 











© NASA; ESA; Hubble; Herschel; PACS; L.Decin; Sol 90 Images 
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They're vital for 
astrophysics } 


Observing binary star systems has enabled 
scientists to deduce the characteristics and 
make-up of various stars, as they are able to 
calculate the masses of stars and observe their 
spectroscopy as they influence one another. 





®@ 
Some orbit 
black holes 
One famous binary system, located about 
6,070 light years from Earth, consists of a blue 
supergiant star and a suspected black hole . 


known as Cygnus X-1, the latter being 14.8 times 
the mass of the Sun. 
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Two stars in orbit around 
each other are known as 
Jyiat lates a 


Binary stars can 
be invisible 


In some instances the second star of a binary ~~ 


system might be a dim brown dwarf or neutron 
star, only making itself apparent through its 
gravitational influence on its partner. 


They cause 
STi plslenenters 


As two stars orbit one another they can transfer 
mass between them. This is the progenitor of 

a Type Ia supernova, when a star takes on so 
much mass it can no longer support itself 

and explodes. 


4 out of 5 stars 
are multiples 


It is thought that as many as 80 per cent of 
all stars in the universe are part of multiple 
systems containing two or more stars; some 
theories even suggest our Sun is a binary star. 
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Impossible planets 


Our Solar System is the model of how planetary 
systems should be; our Earth at a comfortable 


distance from the searing heat of the Sun, inner 
planets braving the unbearable temperatures closer in 
on their orbits, while the bigger gas giants hang back, 
past an asteroid belt in the comparatively cooler part 
of the solar neighbourhood. While the eight worlds 
that orbit a star abundant in nourishing elements 
offer a wide range of extremes, we consider the 
beginning and end point of our place in the Milky 
Way galaxy as exactly how planetary formation and 
survival should be played out. 

Our Solar System began with the makings of our 
very own Sun; starting its life from the almighty 
collapse of a small part of a giant molecular cloud - a 
stellar nursery of gas and dust. As our star began to 


The 


GJ 504 b 


GJ 504 b is a recently announced Jovian planet that 
rests around 57 light years away from Earth around 
the yellow dwarf star 59 Virginis. It was picked up 
by the 8.2-metre Hawaiian Subaru Telescope that 
operates in the infrared wavebands. At around 

four times the mass of Jupiter yet similar in size, 
this distant world - which astronomers believe is 
coloured in magenta - is the smallest as well as 
one of the most ancient worlds that we've directly 
imaged at around 160 million years old. You might 
think that the strangest thing about this planet is 
that it’s the only pink world that we know of - but 


eye) 


Spark into existence, thanks to a concoction of extra 
mass and high temperatures that set off nuclear 
reactions, leftover debris began to cluster around 
the young star, rotating as a spinning disc around 

a dense core. Then along came the planets, built 
like houses in a construction yard, as dust particles 
clumped together to form clusters, which, in turn, 
led to boulders eventually becoming forced together 
by gravity to create the inner planets, their moons 
and other small Solar System bodies. Further out, 


temperatures were much cooler, allowing volatile 
ices - which were easier to find than the metals and 
silicates that made the inner planets - to remain rock 
hard. What happened next took several millions of 
years as the gas giants used their icy cores to their 
advantage, grabbing as much hydrogen and helium 
as possible to build their swollen limbs. The asteroid 
belt, which we find resting between the orbits of 
Jupiter and Mars, was once a playing field for Moon 
to Mars-sized planetary embryos. However, lying 


“Our observations are turning up more of 


pink world 


there's more to it than that - causing astronomers to 
place it up there as one of those weird worlds that 
they're having their work cut out in understanding. 

Resting around nine times the distance that 
Jupiter orbits from our Sun, GJ 504 b certainly poses 
a challenge for our ideas of how giant planets form. 
It has long since been thought that gaseous worlds 
begin their lives in gas-rich debris discs surrounding 
a young star. However, experts are the first to admit 
that this only really holds true for planets as far out 
as blue planet Neptune leaving us with no option 
but to give our theories some tweaking. 


the extreme worlds, forcing us to think 
of how they may have come to form” 





The pink planet 
GJ 504 bis too 
far out from its 
Tm COM bP Atom alerei a 
able to form, say 
astronomers 





Niranjan 
Thatte — 


The University of Oxford's 
Niranjan Thatte believes that 
recently confirmed GJ 504 
b is another planet that's 
proving tricky to explain 


“There are two mechanisms that are 
postulated as to how planets form. One 

is to grow them from planetesimals, the 
so-called ‘core accretion’ process, although 
this mechanism cannot really explain forming 
large planets at distances larger than 30 times 
the Earth-Sun distance. 

“On the other hand, GJ 504 b could have 
formed by fragmentation of the protoplanetary 
disc (the gas cloud from which it formed) but 
then it is subject to forces that drag it inwards 
due to interaction with the same disc, so it 
would not normally be expected to survive 
that either. Hence the difficulty in explaining 
how such a planet could exist in a 160 million- 
year-old system.” 





| Impossible planets 


so close to the great gas giant which formed some 

3 million years after the Sun, they were repeatedly 
smashed into each other and, with the added 
influence of Saturn, the broken pieces of what could 
have made up to three Earth-sized planets were left 
in disarray, forbidden to form anything but irregularly 
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| — OAS Nava eves shaped asteroids. 
a than Earth, molten lava But there are always exceptions to the rule. And, 
world Kepler-78b should as we poke around into the deepest recesses of space 
lol tots using our wonderful technology - which includes 


the likes of the space-based planet hunter the Kepler 
Space Telescope, as well as the robotic observatories 


e 
that comprise SuperWASP on the soils of La Palma 
II { | O ( ig and South Africa - we begin to find ourselves 
| confronted with more than one planetary candidate 


Kepler-78b that forms and survives just fine by bucking the trend 


in the most impossible way imaginable. 


At 1.2 times bigger than Earth and 1.8 times heavier scorching lava world could never have formed Using the transit method, which watches for 

with an almost identical density to our planet, so close to its star and it certainly could never dips in a star's light as the planet moves across its 

Kepler-78b has caused astronomers to chalk this have moved there. What’s more, the fact that it face to snare a world, as well as the radial velocity 

distant world up as one that is similar to Earth quite happily continues to orbit its star without method, which finds planets thanks to their tell-tale 

- especially since it is likely to have been built feeling the need to succumb to gravitational tides gravitational tug on their star and causes a slight 

from rock and iron. However, at a scorching 2,000 that would either cause it to be ripped apart or change in their parent's speed (read more about these 

degrees Celsius (3,600 degrees Fahrenheit), that’s plummet headlong into its stellar companion and techniques pages 42-43), we're finding exoplanets all 

where the similarities end. Clearly, you'd be hard merge, is causing astronomers to wonder if they the time. What's more, our observations are turning 

pushed to find life as we know it on its surface but have chanced upon a new class of planet. up more of the extreme worlds, forcing us to think of 

the reality is that this world shouldn't exist either. And Kepler-78b isn’t alone. It follows the lead new ways how they may have come to form. 
Circling its Sun-like star at around 40 times of WASP-18b. Sitting so close to its star that it While we believed that there must be planets 

closer than Mercury orbits our Sun, Kepler-78b completes an orbit in less than a day, this gas giant, outside of our Solar System somewhere, no one 

completes a year in only 8.5 hours and - according which is ten times more massive than Jupiter, was ready for the data turned up by astronomers 

to how astronomers have visualised its surface - is also seems to be ignoring the tidal interactions Aleksander Wolszczan and Dale Frail in 1992 - a 

a hellish molten world. As we currently understand between planet and star that should have forced it multi-planetary system around millisecond pulsar 

it, our models of planet formation argue that this into the fierce heat of its star long ago. PSR 1257+12. Highly magnetised, pulsars spin 





Tid al parades and EY Me (TEL On the edge 
e = Atalcs= el formed, aot PEGs Slowed down by dust, the re es AES 
petay yop ty eg ito a world circling in its outer orbit SS ue to the system to itself but SAUER) UE Kolo} 
slow down those of its inner companions However, thanks to the dust dissipating, it 
The universe has its fair share of planets that don't until they're shoved into their parent star. teeters on the edge of its star in a close orbit. 
quite match up with our current ideas of how they 
form and evolve to their strange states. But that 
hasn't put astronomers off from trying to figure out 
some of these wildcards - especially if they have 
unusually tight or far out orbits. Two of the methods 
used by scientists are the ‘tidal parade’ and ‘jumping 
Jupiter’ theories, which split from a common 
evolutionary beginning and is explained here. 





In the beginning 

A planetary system is 

cobbled together from Throwing out planets 

the construction yard that —‘ The intense gravitational interactions between Remaining survivors 

is a swirling disc of dust the worlds in this planetary system cause a Once the world is thrown out, the surviving 
around its preformed star. planet to be thrown out. planets are forced into highly eccentric orbits. 
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Impossible planets 


Torn from its parent galaxy 6 to 
9 billion years ago, HIP 13044 b 


underwent trauma when its star 
swelled into a red giant. The planet 
, survived at the cost of an irregular 
orbit it completes every 16.2 days 


PSR B1257+12 B , 


The first ever exoplanet outside of our Solar System 

to be uncovered by Dale Frail and Aleksander Wolszczan in 1992 
completely turned our ideas of how planets are made on their head. 

This is because it was found around a dead, radio and X-ray jet-beaming 
pulsar; these are essentially the corpses of massive stars that have 
endured the almighty explosion of a supernova. Frail and Wolszczan used 
pulsar timing measurements to look for irregularities in its otherwise 
regular pulsations and they struck lucky, uncovering two planets - one 
over three times the mass of Earth and the other just over four. 

In a supernova explosion, the star is obliterated, only leaving behind 

a tiny dense core that becomes the pulsar. What's interesting is that the 
powerful shock waves that erupt in this event’s wake would destroy any 
orbiting planets. So how were planets able to still exist around the pulsar 
after such a violent event? It does seem impossible and required a radical 
explanation. Astronomers have taken a few shots at explaining these 
seemingly impossible planets. One suggestion is that the gas and dust set 
to make the planet arrived at the end of the star's life, blown off the star 
in outbursts, or possibly part of the debris from the supernova explosion. 





“Back in 1995, scientists chanced upon 
a world around a star not too dissimilar 
from our very own Sun" 


at eye-watering speeds throwing out beams of us with a clearer picture to keep our questions at 
electromagnetic radiation and are the result of a bay. Indeed, a similar problem makes itself known 
catastrophic supernova explosion. It was a difficult if planets were ever to be confirmed around the 
concept for astronomers to get their heads around pairing between white and red dwarf HU Aquarii; an 
without pulling apart the theory of how our Solar eclipsing binary that rests some 570 light years away. 
System was made, our blueprint and the one and Forming a cataclysmic variable that expels mass 
only way that we believed that planets could ever from the explosion of one star pulling material off its 
exist. While their appearance certainly baffled us, companion, it could be that a cloud of material that 
experts think that they might have found a theory later became a disc ready to birth planets was blown 
around two decades after their discovery. It could into the system. But we're still not fully positive that 
be that these planets might have formed later on, this is the case. 

built from material spat out by the exploding stars Back in 1995, the appearance of more distant worlds 
that later made the disc from which these pulsar continued to test our mettle. This time hitting closer 
planets rose. However, without being able to fully get to home as we chanced upon a world around a star 
into the thick of how these ‘life after stellar death’ not too dissimilar from our very own Sun. The first 
worlds came about, astronomers are faced with planet to ever be discovered around 51 Pegasi, resting 
just models. Simulations that are failing to provide some 50 light years away, completely blew our ideas 
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Just like Jupiter 

HIP 13044 b has a mass about 1.25 times that of 
our very own gas giant Jupiter, And, because it is so 
close to its star, its gases are heated to extremely 
high temperatures. This world is thought to have 
had other planetary companions, but they were 
most likely consumed by HIP 13044 as it evolved. 





Ancient star 

HIP 13044, which rests around 

ym Ol OORT 4n male Mike 
Earth, is an old and metal-poor 
star - stars that have a low 
amount of elements other than 
hydrogen and helium. It weighs in 
at 0.8 times the mass of the Sun 
with an age estimated at around 
9 billion years old - at most. 


ll nas Oro 


HIP 13044 b is a Jupiter-like extrasolar planet that 
orbits its ancient red star at a distance of around 
2,300 light years away from Earth. It might rest 
in our Milky Way galaxy today but just what 
happened causing it to end up there makes this 
planet a very strange beast indeed. 

Astronomers think that HIP 13044 b came 
from outside our galaxy, from a stream of stars 
Oo) aM lelel elm IRUce NEDO Men mOUI Mm NINQmA VEL 
started to rip into, cannibalising it and pulling 
HIP 13044 and its planetary companion into 
the fray between 6 and 9 billion years ago. This 
might seem like a logical explanation - HIP 13044 
b just swapped galaxies and it has a very irregular 
orbit to show for it - but on closer inspection, 
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astronomers are not quite happy with this theory. 
Their main issue is with the exoplanet’s star 
itself. Red stars mean old stars and this in tum 
suggests metal poor. This implies that anything 
heavier than hydrogen and helium, including 
oxygen and nitrogen, which are needed to make 
planets, would be lacking. The rocky cores that 
we believe exist at the centres of gas giants 
would never be able to form, and there would 
be nothing for the planet's gaseous envelope to 
grab on to. That's why, during the early universe 
where everything was made of hydrogen and 
helium - including the first stars - there were 
never any planets being made. There just weren't 
enough ‘metals’, 


Watson 


Queen's University of 
Belfast's Chris Watson 
believes there's more 
to HIP 13044 b that's 
baffling astronomers 


“This planet orbits an evolved star 
that, at some point, had swollen into 
a red giant. With an orbital period of 
16.2 days, this suggests that as the star 
expanded, it would have completely 
enveloped the planet. 

“The drag on HIP 13044 b that 
this would have created as it orbited 
within the tenuous outer atmosphere 
of the red giant would have caused it 
to spiral in to the very central regions 
of the star in less than 100 years (ie 
incredibly quickly in astronomical 
terms) - being evaporated and 
destroyed very rapidly. So there is a 
question of how the planet may have 
survived such a phase.” 
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Impossible planets 


of a universal planetary formation model out of the 
Water. Swiss astronomers Michel Mayor and Didier 
Queloz had uncovered a world half the size of Jupiter 
and made of gas. At first thought, you might not 
think that there’s too much of a problem - Jupiter 
and the other gas giants that follow it in our Solar 
System formed and still continue to orbit the Sun 
some 4.6 billion years later. But that’s not the concern 
that astronomers had. It was the distance that this 
particular planet orbited from its star and, at less 
than 8 million kilometres (5 million miles) away, this 
world was not only closer in than the swift planet 
Mercury by around 50 million kilometres (31 million 
miles), it was also a lot hotter and made of a material 
other than the solid, resistant rock that we're used to 
when it comes to inner planets. We were faced with 
a world that didn't quite match up with how planets 
should exist and grow around stars like our Sun, a 
theory that we had been clutching tightly before this 
new discovery was made. Thrown by something so 
unreal, astronomers initially believed that 51 Pegasi 


b shouldn't exist but then they began to have a 
change of heart. Today we know these swollen, highly 
temperate worlds, which can hit over 1,000 degrees 
Celsius (1,800 degrees Fahrenheit), to be hot Jupiters. 
And ever since the first of these worlds cropped up, 
we've been finding a whole deluge of them. As seen 
in the very first example, they prefer to hug their stars 
rather than hang millions of kilometres back like our 
cooler gas giants do. 

While the discovery of hot Jupiters has sprouted 
another branch in our knowledge, there are still some 
planets that refuse to fit our current models despite 
our best efforts of building on them all of the time. 
They exist and yet they shouldn't, that's as far as we 
know. And, with plans to launch the next generation 
of bigger and better alien world hunters such as the 
James Webb Space Telescope - which is tipped for 
launch in 2018 - we could find ourselves faced with 
two extremes; either we'll find solutions or receive 
further puzzles to solve if we discover even more 
wackier worlds to add to the mix. @ 


“There are still some planets that refuse 


to fit our current models” 


Young 
and hot 


ples tscie ks 


Identified back in 2010 using data from the WM 
Keck Observatory atop dormant volcano Mauna Kea 
in Hawaii, HR 8799 e isn't alone orbiting its young 
and bright 129 light year-distant Sun-like star - it is 
joined by three other gaseous worlds, sitting in a 
debris disc. Out of its companions, HR 8799 e was 
uncovered last at a distance from HR 8799 that 
would place it between the orbits of Saturn and 
Uranus in our Solar System - yet it still remains the 
closest in. However, while you might expect this 
planet, which weighs in somewhere between five 
and ten times the mass of Jupiter, to be quite cold it 
is in fact red hot and that’s because it’s still young, 
glowing with the leftover heat of its formation just 
like its siblings. However, that’s not the strangest 
thing about this world. What leaves astronomers 
really scratching their heads is what HR 8799 e 

is made of as Keele University’s Coel Hellier, who 
discovered WASP-18b, explains on page 63. 
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Did the rogue planet 
PSO J318.5-22 form on 
its own? 
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The lone 
elatan 


PSO J318.522 


-_ Confirmed quite recently by images taken with the Pan-STARRS 1 (PS1) wide-field 
' telescope, PSO J318.5-22 is an exoplanet that prefers the single life. In short, it 
doesn't seem to be orbiting a star at all. 

Experts have affectionately dubbed this gaseous world as a rogue planet. But, 
at approximately 80 light years away, this oddball isn’t entirely a loner as it sits 

, among the Beta Pictoris Moving Group - a gaggle of youthful stars. However, 
the fact that PSO J318.5-22 isn’t dancing around any members in the group - 
which have been dated somewhere around 12 million years old - has thrown 
astronomers a bit of a curveball. 

At 6.5 Jupiter masses, this world is too light to be a brown dwarf - the dividing 
line that separates planets and stars - so it must be a planet. Looking out into the 
universe, planets are usually found to orbit stars, whatever their type, so what 
happened to PSO J318.5-22? Could it have broken away from its star after being 
ejected or, even more oddly, formed alone? 





AeA eee 
Mapping out their orbits 
and predicting their 
motion, astronomers 
believe that they know 
where the worlds will end 
up over the next ten years. 


Glowing brightly 
Forming out of their debris 
disc these distant worlds 
are still hot, meaning that 
they are best viewed in 
the infrared wavebands. 


HR 8799 


The four planets orbit bright 
lm les Teche Maal ene 
some 129 light years away 
from Earth. All worlds are 

Re) Oro4n] Nada l= My: |e a 74o8 
somewhere between five and 
ten times the mass of Jupiter. 


Exoplanet hunter of 


Keele University 


“THR 8799's planets] are all very 
young, still glowing hot as they 











Heavier than our Solar System Suter tance Cools omnelr. 

The HR 8799 planetary system - which formation. The hard-to-explain 
includes HR 8799 b, HR 8799 c, HR 8799 aspect of HR 8799 e is that it shows 
d and HR 8799 e and their parent star a different spectrum than the other 
itself - is thought to weigh in at around 20 planets, showing strong methane 
times heavier than our Solar System. absorption in its atmosphere [rather 


than the ammonia and carbon 


dioxide that its companions are made 
from]. This is despite the fact that it 
formed out of the same gas cloud as 
the other planets and so should have 
a similar composition, and is also ata 
WES ecyCe Rares similar temperature meaning that it 
seen from one of its outer should show a similar spectrum.” 


planets, HR 8799 c 
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FutureTech Dyson sphere 








sy] (=| [1 
The diameter of the Sun is Tele 
times greater than Earth, so 
we'd need to evenly spread out 
solar power Satellites to gather 
energy for transfer to Earth. 





VES 
Hm date Bsr 11 ReMi n 
lla Aciar lem atew-lenelelals 
of material needed to 
build them would reduce 
drastically, therefore making 
the proposal more feasible. 





oe) Ca 
The satellites would be kept 
in position around the star 
by virtue of large light sails, 
which would use the radiation 
pressure of the star to 
counteract the force of gravity. 









0) (a 
A ‘swarm’ of orbiting satellites a 

, is preferred to a solid sphere, 
as the latter would likely lose 

structural integrity at the poles 

_ where there was no rotation. - _,% 














Alien civilisations 
Searching for the signature 
of a star being harnessed for 
ARAN aeelel lolol Kole] 
or finding intelligent 
vec Meee | 


Energy 

Our Sun radiates over 500,000 
MINS Mate) RMAC e AAR 
second than the current annual 
energy consumption of humans 
on Earth. A Dyson sphere would 
make use of that energy instead 
of letting it ‘go to waste.’ 


— “Infrared 
Such a construction would likely 
emit large amounts of infrared 
radiation, perhaps enough to 
be detected by a species ina 
separate planetary system. 


ela ciic en 
Some form of wireless 
Tate AVM Wee) Co Oe RS) 
use of microwaves, would 
be used to beam energy 
from the Sun to Earth. 





Bill Ingalls | 


If you've ever seen a 
NASA launch image, or 
one of their countless 
other images from 
Earth, you will almost 
certainly have seen a 
particular credit on the 
images: Bill Ingalls. He's 
the brains and brawn 
behind a huge amount 
of the stunning NASA 
photography that 
you've seen, and 
indeed a lot of the 
images we use in All 
About Space, so we 
decided to catch up 
with the man himself 
and get the story from 


behind the scenes. | 
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ASAS cniet 


Some of NASA's most iconic 
images, including many of 
the Space Shuttle launches, 
are the work of Ingalls 










notograpner 


Having been with NASA for over 25 years, Bill 
Ingalls tells us what it's like to take photos for the 
world's biggest space agency 


Interviewed by Jonathan O'Callaghan 


How did you get involved with NASA? 

I started at NASA as an intern in the summer of 1987, 
and during that time I was involved in television 

as a writer and producer with the TV folks at 

NASA. But they were in an office together with the 
office communications, which housed the photo 
department as well, and I did some work doing photo 
research and helping out. I left that summer but I 
really enjoyed my experience and I stayed in contact 
quite a bit hoping that something could come of that. 
Finally I think they got tired of me calling every day 


and they said they didn't have anything in TV but 
they had something for me in photography. 


What was the role? 

The photo position at NASA HQ many years ago 
during the Apollo days was of some stature, but since 
a gentlemen called Bill Taub had left the position 
then it had really kind of declined in the capabilities 
and qualities. It wasn’t what it used to be. So we got 
Started off with some new equipment and some of 
the old equipment in 1989, and I've been doing it 
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This unplanned night image of a Soyuz 
landing was a pleasant surprise for Ingalls 


ever since, building and growing and learning, still 
trying to figure out how to do this right, but it’s been 
a lot of fun. 


What range of things do you photograph today? 
Well, our office really covers just about everything. 
There are five of us in our office, it's a contract photo 
shop for NASA but we're physically located at NASA 
HQ in Washington, and we have an archive of 60 to 
70,000 negatives. We've got two researchers who 
research those archives and provide images to the 
news media and the public, and then we've got 
myself as a photographer and two others who share 
multiple responsibilities as photographers, photo 
editors and image archivists. So our assignments are 
varied, everything from just grip and grin handshake 
VIP meetings with the administrator in his office 

to White House events that are related to NASA to 
launches and other scientific programmes that take 
place all around the world. 


“We're always 
trying to find 
creative new 
angles to make 
some unique 
imagery’ 
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The techniques used 
to capture the perfect 
rocket launch have 
been refined by Ingalls 
over the years 


What are your favourite things to shoot? 

Well, you know that changes year to year depending 
on my experience level and how often I've done 
something. I'd say right now my most enjoyable 
thing is the Soyuz landings, they're a lot of fun to 
me and that’s probably the newest thing in my 
repertoire. But I enjoy the challenge of the things I've 
done repetitively too, trying to make a unique image 
out of something I've done over and over. With the 
Soyuz launch for example we're pretty much always 
in the same place, but we'e able to put remote 
[cameras] out around the launch pad, and we're 
always trying to find creative new angles on that and 
to explore what possibilities there are to make some 
unique imagery. 


What happens during the Soyuz landings? 

There are approximately 12 helicopters that are 
involved in the landing, there are a number of fixed 
wing aircraft as well, and then there are three or 
four all-terrain vehicles on the ground. So there’s a 
whole flotilla if you will of support personnel in the 
air and on the ground that are off for a landing in 
the middle of Kazakhstan. I'm in a media helo, and 
Wwe get in the air a good 30 minutes or so before 

the Soyuz is expected to come in for entry. The 
helicopter pilots basically do a large circle around the 
area of the expected landing, and they open the helo 
door when we've got a visual on the Soyuz coming 
down on parachutes. I'll lay down with my head, 
shoulders and camera gear sticking out the door, and 
another photographer will lay down next to me. We 
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typically have 2 guys sitting on top of us who are 
shooting video or stills, so by the time it’s all going 
we have about six of us leaning out the door of this 
Russian Mi-8 helicopter. The helicopter pilots are just 
amazing, they circle around the Soyuz and get us in 
pretty close on top of it after it’s down below us, and 
then the real challenge is trying to nail the shot of 
the Soyuz as it hits the ground. There are retrorockets 
that fire on the Soyuz and they only fire for a few 
milliseconds, so trying to get that shot is really 
difficult, especially as when it's a cloudy day and 
there's no shadow on the ground to use as a reference 
you have no idea looking down at that thing how 
high above the ground the Soyuz is. 


What happens when it’s landed? 

The helicopter will circle around and eventually get 
us down on the ground and then it’s a little bit of a 
jostling act on the ground, everyone wants to try to 
be close and get a shot of the crew as they're coming 
out of the capsule. But it's exciting, it's fun to see the 
crew who have been in space for five or six months, 
and see them enjoying being back on ground and 
trying to get their legs again. They're not always able 
to get up and just start walking around, the medical 
personnel take care of them, so trying to capture that 
with any kind of emotion is always the challenge. 


What is one of your favourite images you've 
ever taken? 

I can think of an example where we were ina 
helicopter waiting for a Soyuz landing and it was 
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pre-dawn, so we were pretty concerned we weren't 
going to see it come down on parachutes. And that 
was the case, we did not, we never saw it come 
down. Our helicopter pilot located it after it landed 
and circled around the landing site a few times and 
there were already ground personnel setting up lights 
and ropes around the Soyuz and keeping crowds 
back. And it turned out to be a really nice picture 
because there was just a little bit of dawn coming up 
and there was snow on the ground and you could 
see the headlights of all the vehicles trying to make 
their way to the Soyuz and people all around it, it 
just turned into a nice little aerial image, so that was 
one of those nice pleasant surprises where I was 
disappointed at first but it turned out to be a nice 
picture in the end. 


What's the method behind using remote cameras 
for those launch shots? 

For Soyuz the rocket is very much like clockwork. We 
don't have to worry about a launch window; when 


"They put Dante II into an active volcano 


and dropped me in to get its picture” 


they say they're going to launch, they launch. So we 
are always trying to simplify our setup and make 
things as light and as quick as possible, because we 
often have to grab our cameras and get out of town 
quickly. So for the Soyuz we've simplified it down to 
just a camera on a tripod with an off-the-shelf cable 
release with a timer on it, and 30 seconds before 
launch it starts shooting three frames per second. So 
it's very simple, you're just making sure you have a 
good location and the cameras are in a fairly safe area 
where the debris won't get them too much. So that’s 
the remote cameras around the pad. 


What about American launches? 

For other rocket launches such as we had [on 18 
November 2013] down in Florida with the MAVEN 
spacecraft launch on the Atlas V rocket, that had a 














launch window anywhere from 1:28pm to 3:28pm. 
So you can't just use a countdown trigger for that 
launch otherwise your camera would fire right away 
at 1:28pm. So we use a number of different triggers 
out there; I use one from a friend of mine that's 
sound activated. It just basically has a microphone 
attached that [tells the camera] to start listening for 
a loud sound [the launch], and as soon as you hear it 
Start firing 


What has changed since you first started 
working at NASA, particularly with what you're 
allowed to shoot? 

I would say it's actually become a little more 
restricted in terms of working with the Russians. We 
used to have a lot more freedom, but now they've 
clamped down a little bit more. When I first started 
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For each Soyuz landing Ingalls flies out 
with a fleet of aircraft to photograph the 
descent of the spacecraft 


Like this landing of Expedition ConA 
April 2007, Ingalls says he, wants to get more 
JontelaloyemelaCe@elbioneleBcs- (ce (eBi) Comemianterx= 


Ingalls is seen in the helicopter (left) alongside a 
member of NASA's Emergency Response Team 
ahead of the final Space Shuttle launch in July 2011 


going over there I actually had more access than I 
would have to the American side of things. I used 

to ride with the crew on the bus when they were 
going to the launchpad and be right there with them 
the whole time, even as they suited up. I would be 
with them in Baikonur weeks before they launched 
and following and shadowing their every move. Not 
so much today, it’s very much just planned photo 
opportunities along the way. I can understand why 
that happens; it becomes a logistical issue to have lots 
of media running around. There are more eyeballs 
now in the press that travel over to these events so 
they have to try to control them a little bit more, 

but that can be frustrating for me having had those 
experiences before and gained that access. 


What would you say are your highlights from 
your time at NASA? 

One of the early missions I did with NASA was 

the Dante II robot. Dante I went into a volcano in 
Antarctica, but with Dante II they put it into an active 
volcano in Mount Spurr, Alaska and they dropped 
me in the volcano with it to get its picture. That's still 
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~ Capturing the §plit-second firing of the Soyuz 
| retro boosters can be tricky, says Ingalls 


probably one of my favourite missions I've ever done, 
I really enjoyed the whole experience being in Alaska 
and being in a volcano, it was a lot of fun. I said it's 
just like NASA to build a robot to go where no man 
should go and then to put me in to take its picture! 
The Dante II robot was testing being an autonomous 
robot, so it was on a tether and it rappelled itself 

into the volcano and it had some fully autonomous 
capabilities. It was also being controlled from (I think) 
the AMES Research Center in California. So it was a 
whole learning curve for NASA on how to use robots 
in remote locations, and it was preparation for a lot 
of our Mars missions that we do these days. I was on 
a radio with a couple of other guys in there with me 
and every once in a while we'd get a radio call from 
Anchorage, Alaska where there was a guy that would 
read off seismology readings to us. He would say he'd 
just got a reading of a tremor, take cover, and sure 
enough pretty much seconds after we get the radio 
call rocks would start to fall down from the walls at 
the edge of the volcano. It was fascinating. We were 
never really in harm's way, we were pretty safe, but it 
was a lot of fun. 
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Are there images you haven't got yet that you 
want to get? 

Looking back at my work and everything I've done, 
the biggest thing that is missing for me and that I 
want to start concentrating on is the people. And 

I don't just mean the astronauts, but the other 
people who are working for NASA. I had a really big 
realisation when the Shuttles were going to their 
retirement homes. I organised and was in charge 

of a huge photo team across multiple agencies for 
capturing that imagery and we did a fantastic job 
of showing the Shuttles flying over Washington, 
over Los Angeles, all over the place. But the biggest 
piece that is missing is the human side of all of this, 
the emotion and the reaction. Yes, rocket launches 
are cool, but seeing reaction, seeing emotion, is the 
biggest thing I am missing from my work right now 
and, that's what I want to try to pursue more of. 


Finally, what are you most looking forward to 
photographing in future? 

Humans, Americans, launching on American soil 
once again. I'm really looking forward to doing that. @ 
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Focus on Mlessier's objects 








Messier s 











objects 


The original table of astronomical objects 
was, incredibly, a list of sights for early 
astronomers to avoid seeing! 





The 18th Century astronomer Charles frustrated by similarly diffuse objects, catalogued a total of 103 objects that Key: 

Messier was obsessed with comets, which were not comets. other astronomers filled out to 110 

having witnessed and been inspired by As a result, Messier decided to after his death, using the notes in @ Open cluster 
the Great Comet of 1744 as a teenager. compile a list of the nebulae, clusters, Messier's text books. The first edition Globular 

He discovered 13 comets himself supernova remnants, galaxies and of his ‘Catalogue des Nébuleuses et des _ cluster 

across his career, scanning the night other permanent features so that amas d'Etoiles’ (Catalogue of Nebulae @Nebula 

sky with a 100-millimetre (four-inch) less experienced comet hunters and Star Clusters) totalled 45 objects, @Gal Eyal 
refractor and recording observations could avoid confusing them with real which are listed here. Some of the ® Other 


in the meticulous detail that the 
training under his mentor Joseph- 
Nicolas Delisle afforded him. However, 
Messier’s fascination with these 
transient spectacles was constantly 


7/0) 


comets. The result was a list that, in 
generations to come, became valued 
for much more than its worth as a 
series of celestial coordinates to avoid 
pointing your telescope at. Messier 


most famous night sky sights that can 
be seen today are in this list, including 
the Andromeda Galaxy, the Eagle 
Nebula, the supernova remnant Crab 
Nebula and the Orion Nebula. @ 
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_ Is Europa’s frozen surface the Solar s 
System's greatest ice rink? 


a 


f SPACE EXPLORATION 


Could we ice skate 


Update your knowledge at | 
wWwWww.spaceanswers.com 


If you know when and where to look, you can 
see the ISS with the naked eye from Earth 





on Europa? 


Tom Farmery 
Aside from the obvious issue of how 
we'd get there in the first place, yes, 
it would be possible to ice skate 
on the frozen surface of Europa. 
On Earth, ice skates work by 


riding upon a very thin layer of water 
present on the surface of the ice, 
which is added to by the friction of 
the skate moving across it, providing a 
slippery surface of water on which the 
skate can move. But while the surface 


(a 


a 
a 


of Europa is much colder than any ice 
rink on Earth, less than -160 degrees 
Celsius (-256 degrees Fahrenheit), 
research suggests that it would still 
be possible to skate in this manner 
on Europa’'s ice. Another factor to 
contend with, aside from the need for 
a spacesuit, would be Europa’s gravity, 
which is just 1.3 m/s? compared to 9.8 
m/s2 on Earth. Perhaps it would allow 
you to pull off some impressive 
jumps, though... Joc 
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nore wear (6 (= surface of Mercury? 
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be easy to survive on but it may not degrees Fahrenheit). 
be impossible. However, without a One idea for survival is to stick to 
Spacesuit you would not survive very _ the ‘terminator’, the line where night 


% e long at all, due to a lack of atmosphere. meets day. Mercury's slow rotation 
) 4 On top of this Mercury has one of the makes it possible to spend time here, 
- 2% ; AVAVa | S | largest changes in temperature inthe but the region has a temperature of 
x : -— Solar System. During the day Mercury around -100 degrees Celsius 148 
- ) reaches a staggering 430 degrees degrees Fahrenheit), so it’s still not the 
: : Pe | <e Se y Se Celsius (806 degrees Fahrenheit), most pleasant place to live. JB 


Mercury is the closest planet ! 
— Paul Francis 
WA, Lo” ae Surprisingly there are a large portion 
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surface can be a hostile place 
of man-made satellites that can be 4 
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seen with the naked eye. Sightings 





| ee ae can number up to a hundred ina 
_ ~*~ b single night if you have good viewing 
ms re conditions. To identify a satellite you hy eg 
Bei La are looking for a star that looks like oe 
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sky. On average they are visible for 
several minutes although some can 
, e present for longer. The important 
Pe ets tel =A cob lel CB tM ustevm tral bl cee) val 
lost satellites do not ‘blink’ or flash 

-— “unless they reflect the light of the 
- Sun directly towards Earth, such as an 
















Iridium flare). They remain a steady y : 
brightness and follow consistent Loan 
speed and direction across the sky. i 







Occasionally they can disappear if 

they move into Earth's shadow. So 

next time you find yourself away 

; from a city in a dark rural area, study 
=~ r 6 5 

- the sky for these slow-moving objects 
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If photons of light have no mass, 
how can space be bent by gravity? 


Geoff Ruby in momentum yields a force, so in Py , 
We have seen from observations of actual fact light is able to physically o 
light coming from behind objects of interact with matter. However, the \- 
high mass, that the light is ‘lensed’ key to this question came when . 
by the gravitational field of massive | HUB Ts iKaN8 Re (<A oe) eM AI Ma NOR mel 
objects. However, light itself has no general relativity. Photons of light 
mass, so how is it affected by the are not technically affected by large j 
gravity of these objects? gravitational fields; instead space 
The first point to make is that and time become distorted around | 
while photons (little packets of light incredibly massive objects and the ' - 
energy) do not have mass, they do light simply follows this distorted “ee eo 
have momentum, and a change curvature of space. SA Seen —_ 
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What g-force 


do astronauts 
experience 
during a 
rocket launch? 


Melissa Walker 

The g-force of a rocket launch is 
limited by the cargo it is carrying. 

In the case of a manned mission, it 
is limited by what a human is able 
to endure. High levels of g-force can 
damage the body and at around 9gs 
most humans black out as blood 
struggles to reach the brain. Astronauts 
normally experience a maximum 
g-force of around 3gs during a rocket 
launch. This is equivalent to three 
times the force of gravity humans 
are normally exposed to when 

on Earth but is survivable for the 
passengers. Astronauts are trained in 


Astronauts must train for the high g-force, wear g-suits and must 
vertical high-g-force launches be correctly prepared. ZB 
































Is the Moon 
chet aM tea A 
from Earth? 


oeiiee re 

The Moon’s orbit around Earth is 
getting larger, albeit by a minuscule 
amount. Every year its orbit 
increases by about 3.8 centimetres 
(1.5 inches), but compared to its orbit 
of 384,000 kilometres (240,000 
miles) this is tiny. 

WWaow cas lola me cemaalomne@kes omelets 
to the nature of the Moon’s orbit. It 
takes 27.3 days for the Moon to orbit 
Earth, while our planet rotates in 24 
hours. Therefore, as Earth rotates, 
the tidal forces between the two 


mean that our planet tries to ‘speed a en — 
up’ the orbit of the Moon. This has ft 1S Was IO sas ya — eI O 
a tiny effect of making the Moon's | | OW d lV SPdCe CTd other spacecraft in the Soviet Venus 


orbit bigger, but actually also makes exploration programme, culminating 


it travel slower. JOC have been CO Venus? in two balloons known as Vega 1 


and 2 in June 1985 that flew into the 







I. yi "hil ; 
e Soviet Venera spacecraft 
retumed the first-ever images 
from the surface of Venus 
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i ai ee Alex Harris The first successful flyby of Venus Venusian atmosphere. 
y | © ott : am Over 20 spacecraft have at least was performed by NASA's Mariner The most recent spacecraft to visit 
pi - ~ partially successfully completed a 2 spacecraft on 14 December 1962, the planet is the European Space 
h mission to Venus. However, there are following failed attempts by both the Agency's Venus Express, which has 
rs ‘ : | “ Me around 15 or so others that have tried Soviet Union and the USA. The first been in orbit around Venus since 
The Moon is moving away froth a » and failed to study this scorching hot successful landing was the Soviet 11 April 2006 performing scientific 
Earth about the same speed as . S§. world with its crushing surface Venera 4 lander, which touched down analysis and is expected to last until at 
alebove lower eae) dete =, } atmospheric pressure. on the surface on 18 October 1967. least December 2014. JOC 
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What's the biggest a 
planet can be? 

It’s thought that planets can be up 

to 15 times the mass of Jupiter, but 

beyond that nuclear fusion will 

occur and they'll become a star. 





-) What are Saturn's rings 
made of? 
They are made of dust, rock and 








~ NASA’s Orion spacecraft will utilise one 
of the most advanced heat shields ever 
devised for a manned spacecraft | 





ice that has been accumulated 
from passing comets, meteorite 


Why do rockets need heat shields 
to enter Earth but not to leave it? 


Paul Thompson 

Put simply, it’s because the forces on 
re-entry far exceed those during a 
launch, enough to tear an unprotected 
spacecraft apart. Rockets are built 

to withstand the atmospheric forces 
as they leave the atmosphere, but 

it's nothing on the scale of re-entry. 
The reason for these intense forces is 


atmospheric drag. When a spacecraft 
returns from orbit, or elsewhere, it 

is travelling at anywhere up to ten 
kilometres (six miles) a second. It 
needs to slow down considerably 

to make it to Earth’s surface, and 

the easiest way to do this is to use 
the Earth’s atmosphere as a ‘brake’. 


Spacecraft are actually designed to 


G92) 


How did we first 
measure the 
speed of light? 


MACa Cee M e(aireigely 

Malem abac]mpnntcr-lclUNccunelaiel eNO) MON (cms) Bacl6| 
of light were made in the 1670s by 
observing the transits of the moons of 
Jupiter. It was noticed that the time of 
UMUC NECMONNCKNle gependent, on 


the distance between the Earth and 
BLU yc emda el Tons! 

was at its furthest. It was reasone 

aC LMU av MOnA(SKoR ecm elo 

extra time it took for the light 

B10) oyICcy mm Co Ka: (el DU IMN) Van nr-lelnlome-b i 
observations of the different times of 
transits at different distances, scientists 
were able to deduce a speed for light. 
Non-astronomical methods can also be 
used to calculate mS as of light but, 
the great distances between eae in 
space make it a per to ca 
oysslaimeuiereaateli eee a 
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make use of this, so the wide heat 


shield bears the brunt of deceleration 


as the spacecraft passes through 
the atmosphere. On the way up 

a rocket has its ‘pointy’ end first, 
reducing atmospheric drag. We use 
the atmosphere as a handy way to 
decelerate spacecraft, rather than 
relying on fuel alone. MW 


The transits of Jupiter's moons, like 
Io in this image, were used to first 
measure the speed of light 








impacts on Saturn's moons or 
material from the moons. The 
material varies in size from specks 
of paint to buildings. 


— Has a Briton ever been 
to space? 
Yes, Helen Sharman went into 
Space in May 1991. She was 
followed by six Brits with dual 
nationalities, while the next 
British astronaut will be Major 
Tim Peake in 2015. 


_ Who discovered Pluto? 
American astronomer Clyde 
Tombaugh found Pluto on 18 
February 1930 from the Lowell 
Observatory in Arizona, USA. 


~~ What is the Fermi 
paradox? 
First proposed by Italian physicist 
Enrico Fermi in 1950, the Fermi 
paradox posits that if alien life is 
abundant in the Milky Way, then 
we should have found evidence 
for it. It is a paradox that has yet 
to be resolved. 


— Why does the Sun 
change colour when 
setting and rising? 

It changes colour because as it 

gets lower in the sky the light 

has to travel through more of 
the atmosphere and therefore is 
scattered more, appearing red. 


How do we measure the 
mass of stars? 

The best way is to find two stars 

in a binary system and from their 

orbits around each other we can 

calculate their masses, which can 

then be applied to similar stars. 
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How is the orbit of the 
ISS maintained? 
The ISS is boosted periodically 
by spacecraft including the ESA's 
Automated Transfer Vehicle (ATV) 
to prevent its orbit decaying. 


What is a ‘blue Moon’? 
Today the phrase popularly 
denotes the rare occurrence of a 
second full Moon in a calendar 
month. However, in olden times 
it didn't have this meaning 
and simply meant a literal blue 
Moon, such as when dust from 
the eruption of Krakatoa in 1883 
changed the hue of the Moon for 
almost two years 


How many asteroids are 

in the asteroid belt? 
We're not certain, but estimates 
suggest the belt between Mars 
and Jupiter contains over 750,000 
asteroids larger than a kilometre 
(0.62 miles) in diameter and 
millions of smaller ones. 


Who named the planets? 
The five innermost planets aside 
from Earth were named by 
the Romans according to their 
movement and appearance. 
Uranus and Neptune were given 
similarly ancient names following 
their discoveries in 1781 and 
1846 respectively. 


When will the Sun die? 
At 4.5 billion years old, the Sun 
is halfway through its life. In 5 
billion years it will run out of fuel 
and expand and cool to become a 
red giant star. 


What's the furthest a 

human has been from 

the Earth? 
401,056 kilometres (249,205 
miles), a record set by the crew of 
Apollo 13 Jim Lovell, Jack Swigert 
and Fred Haise) in April 1970 
during their emergency return 
manoeuvre around the Moon. 
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What units of distance 


do astronomers use? 


Victoria Sowerby 

It depends on what we're measuring 
the distance to but generally 
astronomical units, parsecs and light 
years. Within the Solar System we 
use the astronomical unit (AU), where 
one AU is the distance from Earth to 
the Sun. Outside the Solar System we 
use parsecs, with one parsec being 


a a Sonv Sail 


equal to about 3.26 light years or 
206,265 AU. For distances within our 
galaxy we use the kiloparsec (1,000 
parsecs), and between galaxies we use 
the megaparsec (one million parsecs). 
Light years are often used in place 

of parsecs outside of the scientific 
community, however, as they are 
easier to comprehend. JOC 


ay Kerrie ogee Cine region of =) 


_ Valles Marineris on Mars shows 
signs of tectonic fractures 





Does Mars ‘ae tectonic plates? 


Alex Payne 

While Mars no longer appears to 

be geologically active, we see from 
surface features that it once was very 
Earth-like in its geological processes. 
The surface of Mars plays host to the 
largest volcano in the Solar System, 
Olympus Mons, and a huge rift valley 
called Valles Marineris. And it is this 
rift valley that indicates that Mars 
does in fact have tectonic plates. When 
analysing this ‘crack’ in the surface of 


Mars, scientists have found that the 
‘matching sides’ are separated by a 
horizontal distance of 150 kilometres 
(93 miles). This suggests that the 
surface of Mars is effectively two 
large tectonic plates that were rubbing 
by each other. However, since Mars 
cooled down much more rapidly than 
Earth, and therefore the molten rock 
beneath the plates has solidified, the 
process of tectonic plate formation 
appears to have ground to a halt. SA 
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The Milky Way is about 100,000 
light years across, which is also 30 
kiloparsecs or 6.3 billion AU 


© 

Are all the 
constellations 
made of stars 
in our own 
galaxy? 


Sunil Jadhav 

Constellations contain stars that 
are easy to pick out in the night 
sky. Due to this, the constellations 
are made up of stars from within 
our own galaxy, the Milky Way, as 
they are close enough to be seen 
with the naked eye. Light from 
individual stars in other galaxies 
is too dim to be seen without the 
use of a telescope. Although single 
stars from other galaxies can't be 
seen with our eyes alone, some 
galaxies and nebulae can be. For 
example, the Andromeda Galaxy 
is a collection of over 1 trillion 
stars approximately 2.5 million 
light years away. It can be seen 

as a fuzzy oval in the night sky, 
although you need a clear night in 
a rural area to see it. ZB 
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Can I contribute to 
science as an amateur 
astronomer? 






Marie Redding time and holding the all-time record 
For as long as people have been for visual discoveries of supernovas. 
experimenting, amateurs have been Getting involved in science is now 


contributing to science. Some of very easy thanks to the internet. One ; 

humanity's biggest discoveries were of the most famous citizen science , 

made by non-professionals. A great projects is SETI, which is searching for 

example of that is Reverend Robert alien life. On top of that the fantastic 

Evans who is one of the most prolific Zooniverse project covers all sorts 

supernova hunters, using only a ten- of science from finding galaxies to 
e@ tC e@ tC) 

Discover the explosive origin 
5 tC 

Eckormsonon of galaxies, stars and planets 


Is the Sun pulling the =" Tae 
_.4 Planets closer to it? 7) 9] MILKY WAY 


. RE UT ae Take an alphabetic tour of the most 
The Sun and the planets are staying | a important parts in our galaxy 





inch reflecting telescope in his spare counting animals on the Serengeti. JB 


approximately the same distance apart 
and have been in roughly the same 
places for the last several billion years. 
Planetary orbits are a fine balancing ) 
act between momentum and gravity. 7 PP me a 18 
As the planets fly through space they - a al Explore the violent history of 
want to move in a straight line but the Eien Earth's ancient meteorite impacts 


gravity from the Sun attempts to pull 
the planets towards it, which curves THE RUSSI AN 

their paths. The planets currently lie 

: in a perfect balance that results in SPACE PROGRAM 


¥ each planet moving fast enough Learn about the past, present and 








’ to not be pulled closer to the 
-  g eerenaeee future of the Roscosmos 
4 it moves away from the space dsency ] : 
7 Sun and out of the In fe)apyit 
Solar System. JB 


™) SOLARFLARES Fe 
; = DRAGONFLY SPACECRAFT rier! 
: a WHY DOSATELLITES FALL? 
| ULTIMATEGUIDETOTHE MOON 


PRES eC UEN ee MARS SAMPLE RETURN CONTAINER 
| GLIESE 667C: OUR TWIN SOLAR SYSTEM 








time 
issue... 


\ GUIDES AND ADVICE TO GET STARTED IN AMATEUR ASTRONOMY 


Sy Astronomy 


kit reviews 
The latest essential astronomy 
gear and telescopes reviewed 


QO Me and N's 
telescope 


Readers showcase their best 
astrophotography images 


eis) alo) mM com =(= 


re 
Our guide to viewing the 
SJOlcrele- (GUI clare lOl mantel mana ress 


SOM acti 
ante qe 


Some of the top sights of 
the winter constellations 


OO 2014's best 
night-sky sights 
The events to look out for 
in the next 12 months 


The best 


stargazing sights 


12014. 


NANSAYom el Coe MO Uma lonBLocit 
astronomical events gracing the 
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Quadrantids | Jupiter at opposition 
The first meteor 
shower of the When: 5 January 2014 
year is the Constellation: Gemini 
Quadrantids, Right Ascension: 07h O6m 17s 
which peaks Declination: +22° 41° 57" 


Hemisphere: Northern and southern 

Jupiter will make its closest approach to Earth on the night of 
5 January, when it will be ‘just’ 629.8 million kilometres (390 
million miles) away. 


ola mower- ner AYA 
Luckily, there 
is anew Moon 
on New Year's 


Day and you At its closest approach, Jupiter will appear at its brightest 
can look forward ; 

and largest in the sky, dazzling at a magnitude of -2.7, 
to spotting a 


making it brighter than even Sirius, the brightest star in 
the sky. In fact, the only objects brighter will be Venus 
and the Moon. Jupiter's opposition provides the perfect 
opportunity to view its Great Red Spot and Galilean 
moons. Binoculars will reveal Jupiter to be a 
disc of light, accompanied by its system 
of moons, while a small telescope will 
show Jupiter's atmospheric bands 
of alternating darker and lighter 
cloud and possibly the red spot, 
» too, which is a huge swirling 
Ses hurricane several times 
Fe Necomante lem Dade lencl le 


few meteors 
every minute. 















If you're lucky, | 
you may be able | 
to see Jupiter's 
Great Red Spot | 
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furthest 
meet ty 


When: 31 January 2014 
Constellation: Aquarius 
Right Ascension: 22h 06m 23s 
Declination: -11° 22' 37" 
Hemisphere: Northern and southern 
Mercury can be hard to view, given 
that it often appears close to the Sun 
in our skies. So you will want to wait 
for the times when it is furthest from 
the Sun from our point of view, so 
that when the Sun sets (or when it has 
not yet risen) Mercury is still visible 
in a twilight sky. Fortunately, such 
occasions, which we call ‘greatest 
elongations’, crop up fairly often, 
as Mercury orbits the Sun every 88 
days. Greatest elongations east (when 
Mercury is east of the Sun setting in 
the west) are visible in the evening sky, 
while elongations west are visible in the 
dawn sky in the east. The best times 
to see Mercury are 31 January and 25 
May (greatest elongation east) and 1 
November (greatest elongation west). 
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Star parties 
When: Mainly spring and autumn 
Hemisphere: Northern and southern 4 
Star parties are gatherings of 7 , 
amateur astronomers which allow * 
you to enjoy some of the darkest 
skies in your area. They offer the 
opportunity to bring along your 
telescope or binoculars as well as to 
gain advice from fellow stargazers. 

The Autumn Equinox Sky Camp, 
held at Kelling Heath in Norfolk, 
is the largest star party in the UK. 
It's usually run twice a year with 
one event held in March or April 
and another later in September. 

The 2014 camp will run from 22 
September to 3 October. Trade 
stands are offered, along with 
second-hand ‘astroboot' stalls, talks 
and telescope tours. 

Meanwhile, the Texas Star Party, 
held between 25 May and 1 June on 
the Prude Ranch near Fort Davis, 
promises to be another great event. 
As well as the usual star party gigs 
such as learning more about the 
night sky, the Texas Star Party offers 
activities during the day such as 
tours of national parks and nearby 
McDonald Observatory as well as 
talks by amateur and professional 
astronomers and telescope makers. 


Here, Mercury and Venus can be seen 
aligning above the Moon at ESO's Paranal 
Observatory in Chile 


posi! 25th Pa Ai 
Isle of Wight 
Star Party, UK 


Winter Star Kielder Star 
Party, USA Party, UK 
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Best astronomy events of 2014 N 


Venus - the brilliant 
morning star 


When: 23 March 2014 

Constellation: Aquarius 

Right Ascension: 21h 10m 54s 

Declination: -14° 18' 35" 

Hemisphere: Northern and southern 

Venus is both brilliant and annoying for stargazers to look at. A 
brilliant evening or, in this case, morning star peaking at magnitude 
-5.1, it is stunning to see above the horizon in twilight before sunrise. 
It's so bright you can even see it during the day if you know where 
to look (although the safety warning about looking close to the Sun 
still applies). On this day Venus rises one hour and 38 minutes before 
the Sun, meaning it will be visible for quite some time in dark skies 
before dawn. However, its declination is quite low so it will not climb 
that high above the horizon before dawn - in fact observers in the 
southern hemisphere will get a better view. Mercury will also be in 
the morning sky at the same time, making for a nice double act. 

As good as it is to naked-eye stargazers, telescope users might be 
disappointed. While they will be able to see Venus’s phase, which will 
be a half-phase at greatest elongation, its appearance is quite bland - 
its thick cloudy atmosphere reflects a lot of light, which makes it so 
brilliant, but those same clouds also obscure any interesting features. 
Sometimes observers using ultraviolet filters on their telescopes can 
see a little more. 
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Perihelion 


The closest point in an object's 
orbit to the Sun. 


ition 
When the Sun, Earth and 
another planet line up, the other 
planet is described as being in 
opposition and is at its brightest 
and closest to us. 


® 
Elongation 
The angular distance of a planet 
from the Sun. 


The Moon's most distant point 
from the Earth. 


Perigee 
The Moon's closest point 
to the Earth. 







Mars at 
opposition 
When: 

8 April 2014 
Constellation: Virgo 
Right Ascension: 
13h 12m 56s 
Declination: -05° 03' 31" 
Hemisphere: 

Northern and southern 


The Red Planet will rest far above 

the horizon for most of the night this 
Easter, reaching its highest point just 
after midnight whatever your location 
on Earth. Mars's closest approach to 
Earth this time around brings it within 
92.75 million kilometres (58 million 
miles), so it will be a great time to 
observe it. 

Mars will only appear large and 
bright for a few weeks, shining at a 
magnitude of around -1.4 and is best 
viewed with a small telescope. A good 
small to medium telescope should 
begin to reveal markings on the face of 
the planet such as the giant volcano, 
Olympus Mons. A pair of binoculars 
will show Mars to be a disc of light, 
while the naked eye will reveal an 
orange-red star-like point. 

The Red Planet will remain visible 
in the evening sky for a few months 
following its opposition. 
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Vesta, as 
imaged here 
by NASA's Dawn 
mission, will appear 
in our skies alongside its 
asteroid companion Ceres in April 


Two asteroids in one night 
When: 15 April 2014 
Constellation: Virgo 


Right Ascension: Ceres: 13h 53m 12.4s . 
Vesta: 13h 43m 31.9s ° 


Declination: Ceres: Dec +03° 26' 24” 
Vesta: +O02° 57' 58" 
a (=Jpnl ey aC) c-Pm NO) MMe l=l ene lale mele | Malla) 


Ceres and Vesta are the two biggest 
asteroids in the asteroid belt, and 

currently the two of them are quite 
close and are both at opposition on 


the same day. You'll need binoculars , 


or a small telescope to spot them, 
however. Because they are only 
small asteroids they appear as little 
more than points of light, so do the 
Same as with Pluto - take images 
over a few hours or days and you 
AVN serous) 8 MB BaLeiane tear: lex Tiatclmn Male 
background stars. 





Saturn at 
rn) eres tay 


When: 10 May 2014 
Constellation: Libra 

Right Ascension: 15h 12m 14s 
Declination: -15° 17' 47" 
Hemisphere: Northern and southern 


The warmer nights of May bring Saturn closer to us as it 
reaches a maximum magnitude of around 0.8, lying in the 
constellation of Libra. Saturn will reach its highest point 

at around midnight on its evening of close approach with 
a small telescope revealing the gaseous world’s impressive 
rings. For a few hours around the moment of opposition, 
observers may be treated to a marked brightening in the 
rings in comparison to its disc which is caused by the 
ring’s icy particles perfectly reflecting sunlight back at us 
(remember at opposition the Sun, Earth and Saturn are all 
in a line). Binoculars and a small telescope will also show 
enigmatic Titan, which is Saturn's largest moon, shining 
at a comparatively dim magnitude 8. To see Saturn's other 
moons you will need a larger telescope. As for Saturn itself, 
its disc is quite bland compared to the churning bands on 
Jupiter, but the rings more than make up for that! 








The majestic ringed planet as captured by 
PIII ee NCO NOs eM M ile ones] 
a maximum magnitude of 0.8 
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eclipse Pat furthest from Sell ae 
When: 15 April the Sun | 
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Visible in: USA, Constellation: Taurus 


South America 
(total lunar eclipse) 
and east Africa, 
western Europe, 
Australia, Japan, 
Antarctica (partial 
lunar eclipse). 


When: 29 April 2014, 06:16 UTC 

Visible in: South Asia, Australia, Pacific, Indian 
Ocean, Antarctica 
The Moon will pass between the Earth and 
the Sun markin eclipse visible fr 
the Pacific, South Asia and Australia, s 
you live elsewhere, you will need to book 
a holiday to see it! The event is what we 
call an annular eclipse, making its pre 
known as - what can be likened to - a 
OMIM MCB CMeNoonm Or Bio blacerts 
eclipse because it occurs when the Moon 
is nearer apogee - its most distant point — 
from Earth in its orbit. This means the 
Moon appears a little smaller from Earth 
and doesn’t quite cover the whole of the 
Sun, leaving a ring of sunlight all around 
the Moon's silhouette, so the sky doesn't 
turn completely dark like during a normal 
total eclipse. It is also a short eclipse, the 
annular phase lasting just 49 seconds. 
However, it still promises to be a stunning 
sight. There is also a partial solar eclipse 
later in the year on 23 October that will be 
visible across large areas of Canada and the 
USA. Observers will see the Moon bite a 
chunk out of the Sun. Hopefully the skies 
sat oyomel (ont 


Lyrids 

There's a bit of a wait 
until the Lyrids, which are 
active from 16 to 25 of 
April, peaking around 23 
of the month - although 
the rates are slow with 
perhaps 20 meteors per 
hour. The last quarter 
moon sets at midday, 
however, so is well out 

of the way. The Lyrids 
coincide with the Eta 
Aquarids, running from 
19 April to 28 May, 
providing reliable, if not 
spectacular, meteor rates. 


82 


eclipse a 


Right Ascension: 05h 44m 38s 
















in z Declination: +25° 24’ 58” 
. a? Hemisphere: Northern and southern 
7 Comet 209P/LINEAR's 


new shower 


When: 24 May 2014 

Radiant: Camelopardalis 

Hemisphere: Northern and southern 

A comet discovered ten years ago might 

produce an impressive new meteor 
; shower in 2014. In fact, there could be 
sO many meteors - as many as 1,000 
per hour - that the event would be 
best described as a meteor storm. The 
meteors will come from Comet 209P/ 
LINEAR, which is set to make its closest 
approach to the Sun on 6 May. Earth 
passes through the trail left behind by 
dp=eo)enl=1m Cem aa MT UMM RO Olea 
May when astronomers expect the new 
shower to occur, with the maximum rate 
of meteors expected on 24 May when 
Earth encounters the densest part of the 
comet's trail of dusty particles. What's 
more, the Moon will be a narrow waning 
sliver just a few days from new making 
this meteor display all the more dramatic 
and it's tipped to be as vivacious as the 
Leonids of the late-Nineties. 


An annular solar eclipse appearing as a 
ring of fire in the daytime sky 
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eke Cai 
planet Pluto 
When: 4 July 2014 
Constellation: Sagittarius 
Right Ascension: 18h 51m 31s 
Declination: -20° 17' 44" 
Hemisphere: Northern and southern 


Few people have seen this tiny 
member of our Solar System. This is 
because it is very small and faint, and 
the fact that it is currently moving 
against the crowded backdrop of 
Milky Way stars in the constellation 
of Sagittarius makes it even more 
difficult to find. Like Ceres and Vesta, 
the best way to discover Pluto is to 
make sequential images of the region 
of the sky it is in over three or four 
nights. Comparing the images, one 
‘star’ will have moved a little bit - 
this will be Pluto! It is very faint at a 
magnitude of 14.5 but that’s because 
CRN C RACEMIC NA 
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The Moon will be at its 
| closest point to the Earth 
in August 


Cady 
Tt ater a 
When: 10 August 2014, 


17:44 UTC 
Hemisphere: Northern hemisphere 


What is a supermoon? They occur 
roughly after every 14 full Moons, 
when the Moon is at perigee in its 
orbit at the same time it’s in the full 
phase. The Moon has an elliptical 
orbit, getting as far away as 406,000 
kilometres (250,000 miles), which we 
call apogee, but on this day it will be 
360,000 kilometres (221,000 miles) 
at its closest point, or perigee, at the 
Same time it is a full Moon, so we see 
an abnormally large disc. Plus, there is 
the optical illusion that objects close to 
the horizon are larger than they appear 
higher up in the sky. Moonrise will 
be at 8pm BST, just a few hours after 
perigee, so the Moon will look much 
larger than normal on the horizon. 
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Astrophotographers 

may be able to pick out 
Neptune's largest moon, 
Triton, which is at a dim 
magnitude 13. The pair are 
imaged here by NASA‘s 
Voyager 2 spacecraft 









pain 
Perseids 

There are a few meteor showers 
during the early summer, the Delta 
Aquarids for example, but the next 


Stargazers love to stand outside 


on warm August nights and watch 


on 12 August there will be a bright 
gibbous Moon that ruins the event. 
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meteors shooting through the summer 
Milky Way. Alas, at the shower's peak 


29th 
Co Tr 
opposition 


When: 29 August 2014 
Constellation: Aquarius 

Right Ascension: 22h 32m O8s 
Declination: -10° O1' 05" 
Hemisphere: Northern and southern 





The toughest of the Solar System's 
planets to see (not counting dwarf 
planet, Pluto!) is Neptune, because it is 
also the most distant. At opposition it 
will still be 4.3 billion kilometres (2.7 
billion miles) away, which is almost 
29 times more distant from us than 
Earth is from the Sun. You'll need a 
large telescope to pick out Neptune 
which reaches a magnitude of 7.8 

at best, and this planet will only be 
visible as a star-like point with an 
optical aid. It is impossible to see 
Neptune with the naked eye. If you 
do astrophotography, you could also 
try to detect Neptune's largest moon, 
Triton, which is of an even dimmer 
magnitude 13. 





of day and night, the 
September equinox 
brings the first day of 

FUL MUaA am COM Nat-M atom talclan 
hemisphere and the first 
day of spring to those in 
the southern hemisphere. 
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Starfest Star 
Party, Canada 
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Uranus, as 
imaged here by 
Voyager 2, can 
23rd be difficult to 
Equinox ote eS) ae 
Providing equal amounts opposition, | 


but reveals | 
its turquoise — 
(htyem a atceyersaal 
adecent © 
telescope 
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Uranus at opposition 
When: 7 October 2014 
Constellation: Pisces 

Sin @ testi cy (et 

OOh 53m 44s 

Declination: +04° 59’ 32" 
Hemisphere: Northern and 
southern 


Uranus will reach opposition 
low in the constellation 

of Pisces during autumn. 
Despite being at opposition, 
it is still incredibly far away. 
DU Cwis acme 
through a good telescope, 
Uranus appears as a small, 
bland disc. Technically you 
(oa X={ MME MOT AT] Core 
eye, as it shines at magnitude 
5.7, although you will need a 
very dark location, extremely 
good eyesight and a very 
good star chart to see it! 
More realistically it can be 
viewed through binoculars or 
through a four-inch telescope 
where it should appear as a 
small turquoise disc. 
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The Geminids, as pictured here, are 
the best meteor shower of the year 
with up to 120 meteors per hour The Geminids 


22nd 
The Orionids 


The Orionids peak on 22 
October coinciding with a new 
Moon and dark skies - look 
out for 20-25 meteors per 
hour. The Taurids have their 
maximum around Bonfire 
Night, so always succumb to 
the firework festivities, while 
the last quarter Moon does 
not affect the Leonid meteor 
shower on 12 November, 
although the Leonids are not 
very reliable. Some years there 
may only be a smattering of 
Leonid meteors while in other 
years there can be a meteor 
storm! What will 2014 bring? 


23rd 


Partial solar eclipse 
When: 23 October 2014, 


The Geminids are the 
best meteor shower 
of the year, with up to 
120 meteors per hour 
when they peak on 14 
December, while the 
Ursid meteor shower 
lights up the skies just 
before Christmas, with 
maybe ten meteors 
per hour between 17 
and 25 December. 
Plus, don't forget 
there can be random 
meteors and fireballs 
all year long, so make 
sure you keep an eye 
out for those! 


19:37 UTC 
Visible in: 
USA and Canada 
, ee 
es - 
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Mercury furthest A WaTeB iota Cortiee Re) Ever leun Mia nntcl ils 
from the Sun impressive auroral displays , 
When: 1 November 2014 a “a 
Constellation: Virgo 

Right Ascension: 13h 17m 53s 

Declination: -05° 55° 05" 

Hemisphere: Northern and southern 


Sth 
Total lunar 
eclipse 


When: 8 October 2014 
Visible in: Canada, USA, South America, Russia, India, 
China, South-east Asia, Australia, Antarctica 


The first of two total lunar eclipses for 2014 is in April and is the point at which 
the Earth's shadow falls across the lunar disc. The Moon doesn't disappear like 
the Sun in a solar eclipse but dims and develops a crimson red hue, an eerie 
sight. From Britain we can see a partial eclipse just as the Moon begins to set. The 
second total lunar eclipse is on 8 October and on this occasion Europe and Africa 
miss out completely. 


High solar activity 


The Sun is currently at solar maximum, when its activity in the shape of 
sunspots and flares is at its peak. Then the Sun's magnetic field flips and activity 
decreases, so after 2014 we might expect the Sun to be quite quiet! So make the 
most of the remaining opportunities for solar observing and spotting sunspots 
and prominences, and even aurorae, the northern and southern lights, which 
are generated by charged particles in the solar wind interacting with Earth's 
magnetic field. Plus, for armchair observers, there is always the opportunity to 
study the latest images from the NASA-ESA spacecraft called SOHO, the Solar 
and Heliospheric Observatory, which constantly watches the Sun and often 
sees comets plunging into the Sun! Indeed, many armchair observers have 
discovered hundreds of new comets simply by downloading the latest images 
from SOHO's website. 


The crimson red hue of a total lunar 
eclipse will be visible from a few 
locations over Earth 
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Astromaster Telescopes 
Dual purpose telescopes giving 
correct views of land and sky 
Glass optical elements 
Smooth operating steel 
tripod mountings 





pe 
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Skymaster Binoculars 
Large aperture binoculars for 
astronomical viewing 
High quality BAK-4 prisms 
Multi-coated optics 





15x/0 25x/0 20x80 295X100 20-100x70 


Travelscope 
Ideal for astronomical and 
terrestrial observation 
Quick & easy no-tool setup 
Telescope & tripod fit inside 
custom backpack for travel 





50 


Firstscope 
Perfect for aspiring 
Astronomers 
Easy to set up 
Simple to use for 
the whole family 





NexStar SLT Telescopes 
Entry to mid-level computerised telescopes 
No-tool setup 
Includes pre-assembled tripod 
Celestron “SkyAlign” technology 
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All prices include UK delivery’ CEL ESTRON' 
www.picstop.co.uk 





Gy Vii gay 
BINOCULARS 


We've got an fantastic pair of 
binoculars up for grabs this issue 


The excellent people over at PicStop (www.picstop.co.uk) have given us a 
pair of Celestron SkyMaster 20x80 binoculars for you to win this issue. 

Featuring Bak-4 prisms and multi-coated optics, these Celestron 
binoculars are a powerful spotting tool that will afford you excellent 
views of the night sky and a comfortable stargazing platform. 


a nal 


(@s 4 


To enter, all you have to do 
is answer this question: 


OR itd mie a(e 
do we know as 


the Red Planet? 


A. Venus 
ele 
C. Jupiter 


Enter online at: 
Ske MC eRe (eee) 


Visit the website for full terms and conditions 
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Cloud belts 


Like its large cousin Jupiter, 
Saturn has belts of clouds 
which circle the planet. Unlike 
terrestrial clouds, however, the 
ones on Saturn are made from 
hydrogen and methane and 
travel at high speeds. 


Cassini 
Division 

This is a distinct gap in the rings 
of Saturn that looks like a dark 
line separating the rings into 
two. Giovanni Domenico Cassini 
discovered that the rings had 
gaps and the largest of them was 
named after him. 


Encke Gap 


Another much harder to see 
division in Saturn's rings found 
near the outer edge is known as 
the Encke Gap. Johann Encke 
described a variation in the 


brightness of the outer ring in 
1837 and it was later named 
after him. 


Planet 
shadow 


Saturn casts a shadow on its 
own rings, which at times can 
look like a piece of the rings 

are missing! It depends on our 
orientation to the planet as to 
whether we see this well or not. 


Storms 


Again, like Jupiter, Saturn can 

be prone to storms breaking 

out in its turbulent atmosphere. 
These can appear as small white 
spots on the disc; they are, 
however, violent storms with a 
force far greater than a hurricane 








How to see 
SAO leR komen ares 





Without a doubt, Saturn's rings are among the most 
spectacular objects in the Solar System. This guide will 
help you get the most out of them. 


You can see Saturn's rings through 
higher-powered binoculars, but to get 
a good view you'll need a telescope. 
Depending on the relative positions 
of Earth and Saturn at different times 
of the year, the giant planet's rings 
appear more or less open to our view. 
They are at their most magnificent 
when wide open and tilted around 22 
degrees to our line of sight and this 
will occur at the end of 2013 and the 
early months of 2014. The rings are 
not solid, but made up from particles 
the size of a grain of sand to pebbles 
and boulders. It is not possible to 

see any of these objects individually 
even with a large telescope. Due to 
gravitational and rotational forces the 
rings are divided into separate ‘belts’, 
which can be made out, depending on 
the size of telescope being used. 


Encke Gap 

aM alcm cee e arya real ats 
fer] d0 com Kom -(-8 tN oM noe 
It's easiest when the rings 
are wide open on a very 
clear, steady night. A 
moderate to large aperture 
and a high magnification 
(180x or more) will be best. 


A Ring 
Easiest to see when the rings 
are more open, the ‘A’ ring is the 


You'll need to be an early riser to 
get a good view of the planet low 
down in the east in the constellation 
of Libra, the Scales. It rises around 
4:00am in December and a little 
earlier each day until it reaches 
‘opposition’ on 10 May 2014 when it 
will be directly opposite the Sun in 
our sky and therefore visible all night. 

To the naked eye, Saturn looks 
like a bright yellowish-coloured star. 

A small telescope with a moderate 
magnification around 70x or 80x will 
reveal the famous ring system. To the 
first-time viewer they are breathtaking 
and this doesn’t change much for 
more seasoned observers. The larger 
the aperture of telescope you have the 
more detail you are likely to see in the 
ring system. A three-inch refractor, for 
example, should show the rings quite 


Cassini Division 


well and a five-inch aperture scope 
should enable you to start picking up 
details such as the divisions in the 
rings themselves. You should also be 
able to see the shadow of the planet 
itself on the rings quite clearly. 
Longer focal length telescopes 
are nearly always best for viewing 
Saturn and its rings as they provide 
ia aComULoomar eld ome a lows oy IN Mm Kem ie@Karelio 
the magnification, which is useful 
for viewing Saturn and the planets. 
Because the planet is nearly a billion 
miles away it will appear quite small, 
even in larger telescopes and as 
magnification is increased the image 
becomes dimmer, so aperture really 
counts to gather as much light as 
possible. However you manage to 
observe this beautiful planet and its 
SIMRO MCR NUE 


Visible even in small telescopes, the Cassini Division looks like 
a thin, dark line separating the rings into two parts. Moderate 
to high magnification (100-150x) shows it clearly. Again, a 


steady night is better. 


outermost of Saturn's large, bright 
rings. It should show up even ina 
modest telescope with a medium 
magnification, say 80x. 


on Earth. 

Ring plane 
Due to orbital geometry between 
ourselves and Saturn, the rings 
appear to slowly tilt over a 
period of around 14 to 15 years. 


Sometimes they can almost 


Planet shadow 

Even a small telescope should 
show the shadow of the planet 
on the rings of Saturn. You'll 
need to check online to see 


a See aod 
This is the easiest ring to see and 
even a small telescope with a 


disappear when they are edge- 
on to us. This is known as a ‘Ting 
plane crossing’. 
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moderate magnification (50x) will 
show this up. It is slightly brighter 
than the ‘A’ ring, but only just. 


when you are most likely to be 
able to view this. 
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STARGAZER 
How to see Saturn's rings 








Apt hit 
Saturn in 2014 


Because Saturn will not be 
in conjunction with the Sun 
through most of 2014 we 
will be able to see it in our 
skies at some time of the 
night. It is at opposition, 
that is directly opposite 

the Sun, in our sky on 10 
May 2014 and therefore 
visible all through the hours 
of darkness. It will be in 
conjunction with the planet 
Mars on 25 August 2014 
when it will be seen nearby 
the Red Planet low in the 
southwest after sunset. 
Opposition is always the 
best time to view a planet 
as we are closest to it. 









































Saturn, as typically seen through 25mm (top) 
and 9mm eyepieces on some telescopes 





® Moons ) 
The ‘ringed planet’ is also encircled 
by moons of varying sizes. With a 
small telescope, you should 


be able to spot four or 
five of these and 





® Cloud belts 


Visible in telescopes of 


Eso apertures dnl e=\oe nO] 8-1) Rab Reel ale 
will DS above, the cloud belts 
Wace five of Saturn show subtle 
or Six. 


colours and features. 
You'll need a fairly high 
magnification and 

a steady night to 
CYeteR tala 2B 
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am from the Republic of 


Cte 
Republic of Kazakhstan ) | 
Telescope: Celestron | 
SkyProdigy 6 > | 
“Tam 15 years old and I 


Kazakhstan, where Baikonur » 


Cosmodrome is located, the ' 
place where Yuri Gagarin - the first man in 
space aboard Vostok 1 - was launched. I started 
practising astronomy about a year ago. My 
astrophotography of the Moon was taken in 


the daytime on 24 May 2013, one day before 










Send your astronomy photos and pictures git fare ee thei sien erin 
of you with your telescope to photos@ an et ene eaenia 
spaceaniSwers.colml and we'll — telescope - the Celestron Seana Gy 
showcase them 


every issue 
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ee) dt at) r Salisbury, UK 

* Telescope: Celestron eight-inch SCT - Telescope: Eight-inch Dobsonian | 
im “This image Sf M20 (the Trifid Nebula) was aii . “I'm 12 years old and I have just purchased an eight-inch 
i oye OKO lac) See ye) -58hrs from Quins Rocks, pie Dobsonian telescope. These are my first pictures of the Moon 
. “Western Australia using a Oeero Melineiiatl Sct” that I took with my iPhone 5. In the future I will hopefully 


onie-vel Advanced VX mount with,a Canon EOS 60Da. ie be able to take pictures of deep space objects. I love your 
Bla. , processed the imdge using Adobe LightRoom 5.” “. magazine and I hope you like my first attempts.” 





Cheshire, UK 

Telescope: n/a 

“Tam the director of The Knowledge Observatory Ltd 

| and am a qualified and experienced teacher of both 

adults and young people with a real enthusiasm for - 

the quality of the teaching and learning SetosloleS In | - 
| addition, I have a lifelong passion for astronomy and | a 

OTE) ANE subjects I teach, study, follow and actively participate in. I J 

believe.that astronomy offers an incredible opportunity to engage young . | alt 

people and provide fresh learning opportunities for their development. 

My job brings together these two areas of particular interest for me ina . 

way that I believe can yield amazing results. yr 

“My first photo is of the aE Ney Way and a Perseid meteor, taken in 
Dalby Forest in PeVUreABILt ret My other photo (right) is a Sun-halo taken at 
IsireteeyeW ster (eey ts AstroGamp in September of this year.” 


Andrew Davies . Pi | 

















stargazing 
stories 


Email your story of how you got into 
astronomy to photos@spaceanswers. 
com for a chance to feature in All 


About Space 


nd 
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Tanja Su 
ral 

Current Rig 


“Astrophotography is my passion, and I 
pursue dark skies to capture elaborate 
celestial structures whenever life 
allows me to. To experience the true 
grandeur the sky has to offer a dark 
location is needed, and this is where 

I combine the adventure of travelling 
with photography. My favourite 
imaging location is Sutherland, South 
Africa (the home of the Southern 
African Large Telescope), for its dry, 
stable and dark sky. 

“Chasing dark skies also means 
crossing the equator and experiencing 
what the northern hemisphere has to 
offer. I recently imaged in the USA at 
locations in Iowa and Nevada, all of 
which resulted in me finally capturing 
Andromeda, a target that eludes me 
from home in SA, and experiencing 


Tanja’s top 3 tips 


2. Don't go target 


1. Mark down 
camera 
orientation 

Easily match the 
orientation of your 
first imaging session if 
youre imaging across 
multiple nights or if 
youre shooting flats. 


hopping 
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, Johannesburg, South Africa 
| : Astronomer for two years 
- @AstroTanja 


Officina Stellare HiPer APO 105/Orion 8” Astrograph 
Celestron Advanced VX/CGEM DX 
Canon 60Da, Canon 5D Mark III, variety of L series lenses 


Shoot more exposures 
than you intended for a 
deep sky object target. 
Dedicate your time to 
the target; more time 
means more signal/data 
and better results. 


Omega Centauri is a glorious 
globular cluster exclusive to 
oltideleyee es) ce (ar 


| The Lagoon and Trifid 

| Nebulas are two infamous 
Beetle Sieber eae lg cme Beacon Lt 
| combination of emission and 
| reflection nebula 


The Milky Way, imaged from dark 
skies in Sutherland, South Africa 


the phenomenal zodiacal light while in 
the Nevada desert. 

“The next stop for me is going to be 
Iceland to photograph the northern 
lights, which will hopefully bring a 
great display as we're approaching the 
Sun's solar maximum. 

"I love all forms of night-time 
photography, but photographing 
deep sky objects (DSOs) will always 
remain my first choice. The technical 
challenges and dedication to 
advancing your skills continuously 
to produce round stars and elaborate 
structures is part of the reason why 
DSO photography really intrigues me 
and challenges me every time I take 
my setup outside. Being out in the 
dark under the stars is where I feel 
most alive.” @ 


3. Acquire 
calibration frames 
Don't underestimate the 
value of dark, bias and 
flat frames. They result 
in less noise and evenly 
illuminated fields when 
calibrated with your 
light frames. 


+ 


This image of the Orion Nebula 
was acquired in the light- 
polluted skies of Johannesburg 


This photo of Tanja 
was taken in Iowa, USA 


© Cory Schmitz 
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“A rough sketch from memory of the binocular 
field of view showing the fuel dump from Apollo 
8's S-IVB stage (shown in NASA image to the right). 
The spacecraft was over 32,000 kilometres (20,000 
miles) from Earth at this point in the mission” 
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“My Zeiss Telementor 


- 63mmfefractor inside my 


observing shed (currently 
a workin progress). This 
photograph was taken 
before the roof went on. 
When complete, a hinged 
hatch will open for 


observing sessions” | 


“Myself observing 
sunspots (with solar | 
filter in place), while 

aCiiaie eee) eelm nC ae 
Rob McNaught waits | 


JovCMableeme ste) DB arts 


discovered 82 comets ~ 


Wet: cba lya-v corel 
» named after him". 





stargazing Stories/ 


Paul Cass 





Ingleton, North Yorkshire 


Astronomer for 50 years 


Current Rig 


. 





Ava 


“My interest in the night sky was 
sparked by reading Patrick Moore's 
book The Amateur Astronomer, which 
I borrowed from my local library in 
London in 1963 when I was 12. Now, 
50 years on, my interest in astronomy 
remains as keen as ever and I can 
look back on a rich variety of visual 
observations made with the naked 


eye, binoculars and various telescopes, 


not to mention a career working at 
several optical observatories around 
the world. But there is one unique 
observation that stands out above 

all the others. A few days before 
Christmas in 1968, in a dark sky over 
England, I saw an American spaceship 
flying to the Moon. 

“It was 6.30pm on 21 December 
1968. As it was clear that night, I went 
outside to observe with my Russian 
7x50 binoculars, expecting to see a 
few satellites passing overhead and 
perhaps a meteor or two. But I was 
immediately struck by the strange 
sight of a small patch of white light 
low in the southwest. The glow 
extended over a couple of degrees or 
more and through binoculars it had a 
very peculiar appearance, like a fuzzy 
umbrella seen from the side with the 
handle horizontal (see sketch). After 
a short time, I noticed that the object 
was moving slowly against the starry 
background. In an excited frenzy, I 
rushed to set up my 12-inch reflector 


@class_astro 


Zeiss Telementor 63mm refractor 
EQ5 mount 
Leitz Wetzlar Trinovid 7x35B binoculars 


on the lawn. A few minutes later I 
was peering through a low-power 
eyepiece at the strange object. Now 

I could clearly see three tiny points 

of light moving together in a line, 
embedded in nebulosity. There could 
be only one explanation: this was the 
Apollo 8 spacecraft on its way to orbit 
the Moon. I had known of the launch 
from Cape Kennedy [Florida, USA] 
earlier that day, but I had certainly not 
expected that the moonship would 
actually be visible in the Sussex night 
sky as it sped away from the Earth on 
its epic voyage. 

“The white glow which had first 
attracted my attention was unused 
rocket fuel, illuminated by sunlight 
as it vented in huge fans of frozen 
droplets from the discarded third-stage 
booster rocket, after the successful 
engine burn to propel the spacecraft 
out of Earth orbit on its trajectory to 
the Moon. As I watched, I imagined 
the three American astronauts, 
Borman, Lovell and Anders, looking 
back at their receding home planet. 

“The Apollo 8 mission was the first 
journey by humans to another world, 
albeit an orbital encounter with the 
Moon, not a landing. I feel privileged 
to have witnessed such a historic 
event and I am very grateful to Patrick 
Moore for setting me on the path to 
viewing this and other wonders of the 
night sky.” @ 


Paul's top 3 tips 


1. Dewey Decimal 
Go to your local library 
and look at the books in 
Dewey Decimal division 
520 (Astronomy). Read 
half a dozen and you'll 
know more about 
astronomy than 99% of 
all humans on Earth. 


2. Keep warm 
Make sure you weat 
warm clothes for 
observing sessions; 
multiple layers, 
including thermals and 
a hat. It is impossible to 
really enjoy looking at 
the sky if you feel cold. 


3. Naked eye 

When you go out to 
observe, scan the whole 
sky with just your eyes 
first, in case there is 
something new up 
there - and have some 
binoculars handy to 
check out what you see. 
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Moonraker 
Galaxy Class 


A perfect marriage between high-end 








Telescope 
advice 


Cost: £1,199/$1,933 

From: www.moonrakertelescopes. 
co.uk 

Type: Refractor 

Aperture: 90mm 

Focal Length: 750mm 
Magnification: 125x 

It's a handmade telescope whose 
name and manufacturer plays 
directly to space pop culture, so the 
Moonraker Galaxy Class telescope 
looks appropriately like a prop from a 
vintage sci-fi film. The tube is hand- 
turned, hand-polished and made 

from a strong aluminium alloy that 
boasts a high resistance to corrosion. 
It also makes this telescope fairly light 
and quicker to cool down to outside 
temperatures than standard refractors. 
Its movements are especially 
Satisfying, with a focuser tube that 
turns with incredible smoothness. This 
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telescope and vintage sci-fi prop 


™, 


Install a quality 

iE Tear laconic 

the best out of the 
Moonraker Galaxy 


is the most stylish telescope we've 
featured in All About Space, an object 
that would look perfectly at home in 
any tastefully decorated living room. 
But is this just style over substance? 

Despite a price tag that puts it 
out of reach of most entry-level 
hobbyists, setting up the Galaxy Class 
is incredibly easy. Pre-assembly means 
that all the tube needs is for you to 
pop it on a mount and screw a lens in, 
then youTe away. A top-quality, coated 
achromatic lens assures superb colour- 
correction and gave us an incredible 
close-up of the waning gibbous Moon 
on a night when viewing conditions 
were less than optimal. 

The ease of use and low 
maintenance inherent to refractors 
certainly applies here. And though 
the Galaxy Class is a big investment 
for the average stargazer, especially 
considering a mount, tripod and 
eyepieces aren't included in the price, 
youre certainly getting every penny of 
your money's worth. @ 


Aperture 


A 90mm aperture 
plus a top-quality, 


Ss Optical tube coated achromatic 
S02) 






ace sacelces 
crisp night-sky 


The tube is cast from a ; 
observations. 


high-strength aluminium 


alloy then hand-turned 


and hand-polished. 


' Viewing 


Coupled with 6mm 
and 12.5mm eyepieces, 
WM Cre 1 DOV Oe SoM NET (os) 
for excellent bright 
object viewing. 


The lens cap sits | 
alittle loose - our | 
nh Aagiata ter hey am 
this top telescope | 
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pital el U 
Cost: £135.00/$204.95 
Get it from: picstop.co.uk 
They might look like they belong ina 
comedy sketch, but these binoculars 
are no joke. Celestron’s SkyMaster 
20x80s represent the upper limit of 
binocular magnification, sacrificing 
some of the field of view for excellent 
close-ups on night-sky objects. It’s 
the perfect instrument for easy 
viewing of bright objects like the 
Moon, picking out craters with a 
level of detail most other binoculars 
don’t come close to matching. The 
SkyMaster 20x80 is fairly hefty, 
which is why it has its own mount 
incorporated into its rubber-armoured 
body. It’s an affordable, quality 
upgrade for amateur stargazers 
looking for a bit more variety to their 
yineQtIElaRiarOnOna | 
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Pa , 
CeCe wri tae 
Cost: £9.99/$9.99 


Get it from: harpercollins.co.uk 

As much as GPS has replaced 
traditional map reading in many 
disciplines, smartphone and tablet 
applications have, in many cases, 
taken the place of using star charts. 
That doesn't mean they're obsolete, 
though, and having a simple 
planisphere around when you're out in 
the field is a reliable, convenient and 
often more comfortable alternative to 
holding a device up to the sky. Collins 
Planisphere allows you to align the 
date with the current time to show 
exactly which constellations and stars 
you can expect to see in the sky at 
any time of year. It's made of durable, 
waterproof plastic and requires no 
batteries, which can prove a useful 
attribute when stargazing for any 
KererqeeMeymanentcm 
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: Cost: £0.99/$0.99 

: Get it from: icandiapps.com 
SANE Geert c il 
astronomy reference app both in 
: terms of price and accessibility, 

: but that doesn't mean it has basic 
: functionality. Its core feature is 
an interactive sky chart with an 


optional graphic overlay that places 


: the appropriate astrological creature 


over every major constellation, with 
a simple go-to search function. But it 


has tons more going for it than that. 
: Night Sky 2 will show you where to 
Peon Cob itee RnB Merle Qatsceie 

: your local area, the weather forecast 


and observational conditions where 


: you are and a Night Sky Community 
feature that lets you share your 
favourite stargazing locations across 
Sete lecew-Umd eee (oom ace Benleia ort 
: all astronomy hobbyists. @ 


ee 

a 

eda 
Cost: £8.99/$10.34 
Get it from: www.octopusbooks.co.uk 
A pair of binoculars are, as this handy 
guide points out, two low power 
refractor telescopes with a wide field, 
bound together into one instrument. 
Good binoculars make for an easy 
entry into a stargazing hobby, and 
while you could just point them in the 
right direction, this guide could help 
you to get the most out of them. Robin 
Scagell and David Frydman, two 
experienced astronomers, give tips 
and advice such as which binoculars 
to use for viewing different objects 
and learning how to navigate the 
sky using the included sky charts. 
These are skills that will follow into 
telescope astronomy, so Philip's 
Stargazing With Binoculars is a good 
investment for any beginner. @ 
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Get your hands on this excellent — 
telescope in this issue's competition | = —~ 


The excellent folks over at Optical Hardware (www.opticalhardware.co.uk) 
have kindly supplied us with this fantastic telescope for All About Space 
readers to try to win this month. 

The Visionary Mira Ceti 1400/150 is an entry-level reflector that comes 


with an equatorial mount for you to peruse the night sky. It’s a light, 
portable and excellent all-round reflector with high-quality mirrors. 


To enter, all you have to do is 
Be icmueteS question: 


OR URE E TS Be lil | 


Solar System have rings? 
A.O B.4 C.8 





TOTAL ECLIPSE CRUISE 2015 


15 - 22 March 2015 





Join us on this very special 7-night cruise as we sail from Newcastle to the Faroe Islands from where we will view the 
Total Solar Eclipse of 20 March 2015 from land. This will be the last total solar eclipse visible from Europe until 2026. 


Prices from just £879 per person 


Call 020 7766 5237 
Email info@eclipseofthecentury.com 


www.eclipseofthecentury.com 
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F | | | , AY eel Dac Crties Re” Gall Gh alls “ls le 
Sle esSCOpe Hou Se | One of the UK’s most popular 


and longest standing providers 

of astronomy distance learning 
courses. Choose from five 
separate astronomy courses, 
suitable for complete beginner 
right through to first-year 
university standard, including 
GCSE Astronomy. A certificate is 
issued for each completed course. 
You will find a complete syllabus 
for each of the courses available, 
along with other details about 
each course, and the necessary 
enrolment information on our 
website. There is a ‘Student 
Feedback’ link where you can 
view some of the unsolicited 
comments we have received from 
past students. We pride ourselves on being accessible and flexible and 
offer very attractively priced services, of the highest standards, and we 
work hard to provide you with what you want. Of paramount importance 
to us is the one-to-one contact students have with their tutor, who is easily 
accessible even outside of office hours. Planet Earth Education’s popularity 
has been growing over many years with various home educators who have 
used our courses in the education of their own children, many obtaining 
the GCSE Astronomy qualification, a recognised science qualification. 


Visit our website or give us a ring — - 
for friendly expert advice &the \\»* 























Courses available for enrolment all year round. 


All prices correct at time of press. Subject to change. Errors and omissions excepted. “== 101 &S 
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(@CELESTRON 
Nexstar SE 


Featuring high quality Cassegrain optics, the 
NexStar SE range is ideal for observing and 
photographing the wonders of space. The 
portable SE's feature precision optical systems 
and have all the same features as Celestron’s 
most advanced computerised GoTo telescopes, 
including the revolutionary SkyAlign™ alignment 
technology, a sky tour feature, a database of 
nearly 40,000 celestial objects and easy to use 





hand control. ; : : 
ae a , Best-selling telescopes, binoculars, spotting scopes and microscopes 
Nexstar 5se £ 610 CCD cameras from Celestron, Moravian Instruments & ZWO 
— Pe Widest range of visual & astrophotography accessories 
Nexstar 6se £ 760 Great gift ideas: astronomical globes, planetariums, astronomical 
Nexstar 8se £1140 models, HaloTech & Astrolabe watches 
‘ Telescopes for beginners, amateurs & professionals from CELESTRON, 
. These prices are only available while FORNAX, IOPTRON, LUNT, SKYWATCHER, VIXEN and more! 
x stocks lIast...! Astronomik, : 


Bonus - Free 12v Mains Power Supply Baader, i 
while stocks last with all SE's worth £20 Celestron, , Minox, 


Please PHONE or LOG ON to our website for 
more competitive prices on scopes 
from the world's leading manufacturers. 
é 


WWw.sherwoods-photo.com [\ & 


roe ma a i | 
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Johannes Kepler 


The astronomer who redefined our 
understanding of the Solar System 


Back in issue 7 of All About Space 
we profiled the Polish astronomer 
Nicolaus Copernicus, whose theory 
that the Sun was the centre of the 
Solar System rather than Earth 
ultimately revolutionised astronomy. 
However, while he outlined his theory 
in the early 1500s, it was not until 
the arrival of a certain astronomer in 
the late 16th Century that Copernicus, 
although now dead, would have an 
ally in his assertions. 

Johannes Kepler was born on 27 
December 1571 in the small German 
town of Weil der Stadt. His youth was 
a troubled one; after his father left 
home to become a mercenary, Kepler, 
his siblings and his mother were 
left in financial strife. They resided 
at Kepler's grandfather's inn, where 
the young astronomer would often 
impress travellers with his propensity 
for mathematics. Having been born 
prematurely, however, his health was 
poor and he spent much of this time 
as a sickly and weak child. 


at the Protestant school in Graz, where 
he would publish his first major work. 

Kepler had become a proponent of 
the Copernican system of planetary 
motion in the early 1590s and 
in 1596 he published Mysterium 
Cosmographicum, a detailed defence 
of the theory. Kepler’s groundbreaking 
laws of planetary motion, however, 
would not be formalised until after 
he began working with Danish 
astronomer Tycho Brahe in 1600. 

Upon Brahe's death in 1601, 
Kepler was given access to Brahe's 
observations of Mars, allowing him to 
tackle the Martian conundrum that 
had confounded astronomers. The 
problem was that Mars appeared to 
move in a retrograde manner in the 
sky at certain times of year - that is, it 
seemed to move backwards across the 
sky. Even the Copernican model could 
not account for it. 

Initially expecting to solve the 
problem in a matter of days, it would 
take Kepler several years to realise 


planets travel on elliptical paths. This 
accounted for the Martian problem in 
that Earth would regularly ‘catch up’ to 
Mars, with the Red Planet appearing to 
drift backwards across the night sky. 

From his First Law Kepler derived 
a second, which surmised that as a 
planet travelled further from the Sun 
in its elliptical orbit it slowed down, 
and vice versa. Therefore, for a given 
period of time a planet would sweep 
out the same area if an invisible line 
were drawn between the planet and 
the Sun. His Third Law correctly 
recognised the relationship between 
the time planets took to orbit the Sun 
and their distance. He asserted that 
the square of the ratio of the orbits of 
two planets was equal to the cube of 
the ratio of their radius. This law was 
vital for explaining how the planets 
related to one another. 

Kepler would go on to further 
expand upon his theories in addition 
to making other notable discoveries, 
but his work was not widely accepted 
at the time. In fact, the latter years of 
his life were not wholly enjoyable; he 
was ostracised from several places 
for a variety of reasons and he had 
to defend his mother against charges 
of witchcraft, before he died in 
Regensburg, Germany in 1630. 

Ultimately his exploits were 
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recognised with the adulation they 
deserved and today Kepler is regarded 
as a hero of astronomy, recognised in a 
number of ways, such as NASA naming 
the greatest hunt for planets outside 
the Solar System, the Kepler mission, 


that the reason for this was that the 
planets did not orbit the Sun in exactly 
circular orbits as Copernicus thought, 
but rather they travelled in slightly 
elongated ovals known as ellipses 
with the Sun not directly at the centre 
astrologer. In 1594 he became a of their orbits. This would become after the astronomer who rewrote the 
teacher of mathematics and astronomy known as Kepler's First Law, that the laws of planetary motion. @ 


98 @ fn 


From an early age Kepler developed 
a love for astronomy, typified by his 
observation of the Great Comet of 1577 
at the age of six. Upon his completion 
of school he earned a reputation 
as an excellent mathematician and 
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Black holes. They are one of the most exotic, mind-boggling, 

and profound subjects in astrophysics. Not only are they at the 
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